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A vebte & Porter, L. 


ROCHESTER. 


Steam 
Road Rollers & Tractors. 


arrow & Co.; Ltd. 


x rio — ENGINEERS, 


SPEEDS UP rH) 45 MILES AN HOUR. 

PADDLE OR SCREW STEAMERS OF 
Exceptional SHaLLow Dravext. 

Repairs on Pacific Coast 


by YARROWS, ees Victoria, British 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


les 
FRED W. 


Merrill's Patent 
SYPHONIA STEAM T 


Limited, 
Nt rms IRLAM, MANCHESTER. 
ER HEATERS, 


pfs ctar EVAPORATORS, 
CONDENSERS, “TWIN, SPRAL 


et GUNMRETAL 8 . 
ATER SOFTENING and FILTERING, 5723 


—_, 


RAINERS for Pump 
REDUCING VALVES 


arrow Patent 


W ater-Tube Boilers. 


Messrs. YARROW & CO. UNDERTAKE ne 
PRESSING and MACHINING of the various Wee 
of Yarrow Boilers, such as the Steam tat and Fore 
Pockets, and Superheaters for Bri 
Firms not we bo. tar! 





umford, td., 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY axp Wak OrrFice Luts. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 


See Advertisement, pages 27 and 71, last week. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary ee as supplied to the 
Admiralty. 2179 


J ohn H. W iteon &Co., Ltd., 
Birkenhead. 


See Illustrated Advertisement Page 100, Jan. 28, 1921. 


Liesomotive Shunting Cranes 


Steam and Eiectric Cranes, 
EXCAVATORS, CRANE-NAVVIES, GRABS, 
CRETE-MIXERS. 
SHIPS’ WINDLASSES WINCHES, and 
DECK MACHINERY 
List oF STanpaRD ; Sizes on APPLICATION, 


London Office: 15, VICTORIA STREBT, 5.W.1. 
FOR 


Drop Forgings 


Cae eee Ot & FORGE 90, 4 
Wellington Street, Glasgow. 
[lank Lasbwstivee: 
Specification enon’ § Me wre re | equal to 
R.2W. pan age LIB £ 00., Lrp., - 
EWCASTLE-ON-TYNE- 9944 


- wood” Patent 
“Semcer] i 2 Ny setae Sepa 



































ampbells & [TJunter, [ td. 
C | becuase 
SPECIALISTS IN 


Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





Built complete with Steam, Oi! or ae 
or Machinery supplied. 
VosPuRs co. LD Broap StTReer, PomtawourH. 


MULTITUBULAR AND 
CROSS-TUB 





(Cochran B TYPRS. 
See page 17, March 10. Boule... 
The Mitchell mveyor and 


TRANSPORTER ©O., LTD., 
Comrnactine Eneiverns. 





DESIGNERS and BUILDERS 
of . 
all Classes of HANDLING MACHINERY, 


Atlantic H 
45-80, Holborn Viaduct, 
London, B.C. 1. 


legrams: ‘ Micontraco, Cent, London.” 
Teleshone: Holborn 286, 


[the yo eee Railway - 
Enginserin ring Com age 


London Office—12, Victoria Street, 8.W. 














[Tubes and 

IRON AND 
aaeaee and 
WALD 8T. 


bn LO 
LOND DON ON WARRHOUSB-I6r, 


NDON —— 


HESTER WAREHO 
FF WAREHO 


Fittings 
| Pec L 4. 
BROAD SThERT CHAM. SIRMINGHAM, 
LD Broap STREET, x 2 
LIVERPOOL WAR AREHOUSE 63, Parapise 8. 


bag Launches or Barges | Gino 


USE—34, 
CARDI OUSH—132, Bure Sr. 
BIRMINGHAM WAREHOUSE—Nue Sraeer, 


SHEEPsCOTE STREET. 
See Advertisement, page 26. 


Ups. THamMxs Sr.,B. 


DEansGaTE. 





Jrodd Qi 


TODD SHIPYARDS 


Twenty-one Fi 


Fyeoz-my ! 


HIGH BOILER EFFICIBNOIES 
ARE OBTAINED BY INSTALLING 


FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 


49-51, Eastcueap, Lonpon, B.C. 3. 


Builders of Steam and Motor Shi Repairers, 
Blectric Drive Installations. 


Docks, Two Graving Docks, 
Twelve Shipways. 
25, Broadway, New York, U.8.A. 


Brrzers 


CORPORATION, 





Great.saving of labour. 
dirt. Ashes disc 
F. J. TREWENT 


20 ft. 


See’ 8 Hydro: Preuraat Ash Ejector. 


PROCTOR, Lrp., Naval rene 
tects and Surveyors, 43, Billiter Bidgs., — St., 
London, B.C. : Od 4835 


Ne noise, No dust. No 
clear of vessel.—Ap 





J 


ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd. 











MILLWALL, LONDON, B, 
General Comsravcriona, Evemreers. 1916 
Boilers, Tanks & Mooring Buoys 
Sritits, Pernot Tans, Am Receivers, STEEL 
Curmyrys, Rivattep Stream and VENTILATING 
Pires, Hoppers, Sprctan Work, Repams oF 
ALL KIxDs. 


RAILWAY AND TRAMWAY ROLLING STOCK, 
H= Nelson & Co: L*: 
Tue Giascow Routine Srock anp PLantT uw 
MorTHERWELL. 


H4 Wrightson & (, 


LIMITED 











See Advertisement page 64, March 10, 


Matthew pal & (eo. Te 


Levewrorp Works, Dumbarton. 9618 
See Full Page Advt., page 64, March 3. 


['eylor & (Challen 


resses 


About 200 NEW PRESSES in Stock in 
Showrooms for ey delivery at specially 


eed Prices 
TAYLOR & OHALLRN Lrp., Engineers, 
Constitution Hill, IRMINGHAM. 
See Full page Advertisement page 65, March 3. 


ailway 
G witches and 


‘ross ings. 
T. SUMMERSON & SONS, LIMITED, 








8106 




















MANUFACTURERS OF 
: Sr., B.C. . 

SoS PHNOBE - BONHOUURT, Len. 6i7| RAILWAY CARRIAGE, WAGON & TRAMWAY para tll «— Rageewen- preg ta . — ra aiiealee 
Partioment Mansions, Victoria Landon. 8.W. CARRIAGE & WAGON IRONWORK, also u oi k} = ‘es Pat nt Susy anded 
SIROCCO AND STURTEVANT FANS. ABT-STERL AXLE BOXES. 50 Retigeratic and Ice- Making Machinery. pr. ’B atent aaa 

Feed Water fieaters, WBRIGHING MACHINES 
e have a Large Stock of all iesel Engines, Six Cylinder, Eva ROAD ENGINEERING WORKS COMPANY, Lrp. 
standard sizes, No. 3 to 12 inclusive (15 in. pn —B, and four stroke, 650, 1000, 1200 HP. Fresh, Water Distillers. ee ee ae ten ae oe ars 
to 60 in. diameter Runners), ex various Government mos for above 250 or 500 Main Feed Fae A lus. » page 
Depts. Volt, D.C. tamed Tanaeedtube Bettvery and our price, Combined ng and Air Pumps. 
guarantee condition, new or equal to new, isd 2.800 Kw. PARSONS TURBINE SHUTS, 380 or Auxiliary Surface Condensers. 
and supply elther band or diacharge for any drive. as Saas .O.. with Condenser spare &c. &c. 9604 W A y G O O D * O T I S 
PROGRESSIVE ENGINHBHING CO., LTD LLY DRIVEN | AIR | COM- 
Lelcester. RE. en Bh Bh Tera Rh ceememser een A Time Recorder, as New, 
1 1. WHAT OFFERS 
E. &. Davis, “MIMeck.E., et ea re ad Lirts. |< 
es "puapected, Tested and 
Reported | Up ov Wie ee. Tel. : P. & W. MacLellan, Limited, : 
age Se ones, See sang, Lawtee.- CLUTHA WORKS, GLASGOW. Flectric (iranes. OS Eines dees Shine aie 
MANUFACTURERS OF 1 Provlactal Cities, 
G team Hammers (with or RAILWAY CARRIAG BS AND WAGONS and Principa 
TOOLS tee BREE DOT LD ne a een oe elt acting RasLWAaY IRONWORK, BRIDGES, ROOFING, tc. r['raversers. Guapmirsp Gna 
pavise ites. 516] Chief Offices: 129, Trongate,Giaseow. Od 8547 * OIL, , q' 
PRIMROS EITH, EDINBURGH. Registered Offices: Clutha 10, Princes St., ‘“ OILDAG ” “AQUADA ” 
Westminster, London, 8.W. Transporters. 
Brett’ s Patent aon LE sat - -- T we (ieg.) BRAND. crn. 
wing flice. :¢ 
3 Seamcenia | Fee a 
All classes of mechanical and’ stroctiral work _ GREDAG 
. undertaken. Special plants and super- 
Bever: & Co., Tad, vised during erection. Contracts for plant and a? 
HGR ENGINES rou “ALL pear ey ean pipe throughout. 18. H. HEYWOOD & Co.,; Lrp., i G. A cheeots: L 
end’ PUMPING BM G ENGINES. 44, Basingball Street, London, B,C.2, Reddish: as Pe ny B.., Cele Menubsctoress.)  , ) Works: 
ranes-—Elect St Telephone No. : London Wall 5686. _. 9680 Ae Sle ” ! PLEMPere, 
Spi eva ema ee _Tromand Steel . Tur Guascow Rowe Stock axp Piast Wonks. —— « Steam 
@uonGu RUSSELL 2 Go., Len. ubes and ittings. & -Co., Ltd.,| slaren *& Pneumatic Power 
Motherwell, near 9948 AGONS 


Weldiess-8t. Taney a 
mo ee 












at “Seun| 


: Hammers 
Drop eee cine 
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a 
[ihe Manchester Steam Users’ 


For th tion of 5 Dule Explosions and 
r the ven team er 
4 Fd attainment ghey, in the i Aaeees 
i OUNT 
neers 0, B, STROMEYER, M.1.C.B, 
1854 by Srm WILLIAM FarmparRn. 
ety issued under the Factory and 
see paid tn were Bg Bngines 
en nm case nes 
and Boilers fuspacted durta during construction. 


orrespondence Courses for 

I. Mech. B., all ar 
NEBRING (BXAMS. “3 I Courses and Single 
8 .—For I ulars 
apply Y to ia. TREVOR W. PHILLIPS, BS 


—_ es RB. Paton 
Chambers, $8 , South “ Hi stan 610, 575 
nst. 0. E., L. Mech. h. E., B.Sc., 
oWuis, Bia. Mie AM tomt.6, P.L, |C 
Pent 'PaEy ’ARBS CAN ATES percents 


$e grrr oo rn 


menoce at an 
yt. C.E. Exams.—Successes 








may com- 
estminster, 





8.W. Tel. 4780 Victoria. 
as usual last Exam. by Correspondence Coach- 
,, Successes by hundreds, several prizes. Sec. 
embraces 25 years’ professional experience, 
Address 74%, Offices of vot RNGINEERING. 


Permme nc University 
TUTORS, 254, Oxford Road, Manchester. 
Postal courses for all Engineering 

. Bnrol now for I.C.B. and 1.M.B. Courses, 

100 per cent. passes last Exams. 9750 











TENDERS. 


SWANSEA HARBOUR TRUST. 
The Swansea Harbour Trustees invite 


[renders for the Repair of 


certain FRERRO-CONCRBTE pars in 
their King’s Dock, by means of the Cement Gun. 
The quays may be inspected, and further particulars 
of the nature of the repairs to be exeouted may be 
obtained, on application to the Trustees’ gy 
Mr. A. O. Somenx, M,1.0.B, Harbour Offices, 
Swansea. 

Tenders, marked “ Repairs to Quays,” should be 
delivered to the undersigned not later than Ten a.m. 
on Friday, the 24th March, 1924. 

The Trustees do not bind themselves toaccept the 


lowest or any Tender. 
TALFOURD STRICK, 
Clerk. 
Harbour Offices, 
Swansea. 
__ 26th February, 1922. 
CITY OF LEICESTER, 
WATER DEPARTMENT. 


PUMPING ~ MACHINERY. 


T 571 





The Water nom ae vd bay City of Leicester 


[Tenders for ‘the Supply and 
BRECTION of OIL or G@ ENGINES 
and PUMPS for pumping continuously 50,000 
gallons of water per hour through about 70,000 feet 
 & a inch diameter pipes against a static ‘head of 
General Conditions, Specification and Form of 
Tender may be obtained from G. T. Epwanrps, Bsq , 
M.Inst.C,B,, Water Bugineer and maneger, Bowling 
Green Street, Leicester, on d 


566 for the suppl 


THE HIGH. 


Bs 


Forms of Tender ma from the 
Director-General, India a... De ment, Belve- 
dere Road, Lambeth, 8.E.1, and Tenders are to be 
delivered at that Office not later than Two o'clock 
p.m, on Friday the 3ist es 


Director-General. 
Y T 153 


COMMISSIONER | FOR INDIA 
is prepared to 


to receive 
f 5 eg for the Supply 





DEPARTMENT OF STATE RAILWAYS. 
NOTICE. 


Toseens are Invited for the 


a of 25 UNDBRFRAMES for Bogie 


feations and Drawings wer be obtained 

nst payment of £2 from Mesers. = SANDBERG, 
agteat arn Gardertis, 
Besled Tenders with the inscriy “ Tender 

of Underframes for ie 

2465,"" must lorwarded to the 
whose office in the City of Bangkok, Siam, they 
will be received up to Two p.m, on the Ist 
of August, 1922, at = hace and hour the 
Tenders will be publicly opened and read. 

Right is reserved to —_ eas or all Tenders and 
to accept any Teuder which in the opinion of the 
undersigned is to the best interests of the 
‘State Railways. 

GENERAL PURACHATRA 
Commissioner Genera! of State inliways. 

Department of State Railways, 
Bangkok, 3rd February, 1922. T7137 


BELFAST HARBOUR. 


THE ea. HARBOUR COMMISSIONERS 
are prepared to receive 


[renders for the Construction 

JETTY AND DOLPHINS IN RBIN- 
FORCED: CONCRETE, on the Eastward Side of 
the New Oil Berth, Musgrave Channel, Co. a 
all in accordance with Drawings which may be seen 
at the Office of the Harbour Engineer, Mr. T. 8S. 
Grieert, M.Inst.0.B., froai whom copies of the 
Conditions of Contract, Draft specification, and 
form of Tender may be obtained. 

Tenders must be made on the form provided 
for the purpose and must be enclosed in a 
sealed envelope, endorsed ‘Tender for Jetty and 
Dolphins,” addressed to the General Manager and 
Secretary, Belfast Harbour Commissioners, and 
delivered to him not later than Monday, the 
rd April, 1922. 

The Commissioners do not bind themselves to 
accept the lowest or any Tender. wom 

’ 


General Manager and Secretary. 
Harbour Office, Belfast. 
llth March, 1922. T 720 


BOMBAY, BARODA & eee INDIA 
RAILWAY COMPA 


iam 








The Directors are prepared to receive up to noon on 


Wednesday, Sth i 
[T'enders for the Sup pply of: 

1, Crank and Straight Axles for 

2. Copper Firebox Plates. 

3. Helical and oe GE - 

4. Laminated Springs 

5. Steel Boiler ubes.. 

6. Tyres for Locomotives. 

Tenders on be made on forms, copies of which, 

with specification, can be obtained at these offices 
“pornos of 20/- each (which will not be returned). 





value five pounds which will be ataseed on receipt 
ofa a fide Tender, and the return of all documents 
supplied 
nders endorsed “ Pumpi ing Machinery ” are to 
be delivered to the undersigned in a sealed envelope 
on or before Ten a.m, on April 10th next, 
The Committee do / tye nd themselves to accept 
the lowest or soy Denies 
Gq. T. DWARDS, M.Inst.0.H., 
Engineer and Manager. 
Waterworks Office, a = 
Bowling Green Street, 
Lelcen: 


T 122 
ter, 





URBAN DISTRICT COUNCIL OF OHBADLE 
AND GATLEY. 


ELECTRICITY SCHEMRE. 
TENDERS FOR MAINS, BTC. 
The Urban District Council of Cheadle and Gatley 
invite 


[renders for Extra High 


PRESSURE, MEDIUM PRESSURE and — 
PRESSURE MAINS and STREET LIGHTING 
AOCBSSORIBES. Copies of Specification with Form 
of Tender and General Conditions can be obtained 
of the Council's Engineer, Mr, C. H. Woxptreuam, 
O.B.B., M.Inet.0.8,, either from 11, Mosley Street, 
Manchester, or 7, Victoria Street, Westminster, 

n, §.W.1. ‘A complete set of the drawings) 
referred to In the Specification can be seen betwcen 
the hours of Ten a.m.and Four p.m, at the same 
addresses. 

A deposit of Three Guineas in respect of the 
Specification is required, which sum will 
refunded within one month of the date of the 
ay ag ne upon the Tenders, provided that a 

= Tender be submitted and not withdrawn. 

uplicate copy of the Specification and General 
Condit ons will be supplied on payment of One 
Guinea, which sum is not returnable. A complete 
set of drawings will be supplied on payment of 
the sum of One Guinea, which sum She is not 
returnable. 

Tenders enclosed in an envelope sealed with wax 
and clear! — ” Rasen A for sominedee Cheadle,” 
must be ed, Clerk to the 
Urban District Counelt on Obenite ‘and Gatley, 
Council Offices, Cheadle, Cheshire, and must 
delivered not later than Noon on the 3rd April, 1942. 

The Council do not bind themselves to aecept the 
lowest or any . 

y 
JOHN H. oe 
Clerk acil, 
néit Offices, 
Cheadle, Cheshire, 
ith Marche T 681 


: 


tors do not bind themselves to accept 
the lowest or any Tender. 
8. G. 8. YOUNG, 
Secretary. 
Offices: The White _—, 
, Petty 
Weotixinster, £ 8. W.1. 
13th March, 1922. 


LONDON OOUNTY COUNCIL. 


ffers are Invited for the 
PURCHASE and REMOVAL of one Dick, 
Kerr MOTOR a a beg  vogeo 108 HP. 
shuat wound motor 600 volts D Palirect coupled 
to 72 Kw. 60 volt series wound Re the speed of 
~ eat being 600 r.p.m 
he Booster Set may be ins by ment 
at = Council's Substation, opeixton , 5.W., 
pee | 20th to 27th March, 1932, both dates inclusive. 
ications to inspect the machine should be 
ressed to the General ee, L.O.C, Tramways, 
23, Belvedere Road, 8.B. 1 
Offers for the purchase of the machine must be 
addressed to the General |. Tram- 
sev. 2 and delivered not later than "Bleven : a.m. on 
og. 4 30th March, 1922. 
rhe uncil does not bind itself to accept the 
highest or any Offer. 
JAMES BIRD, T 757 
Clerk of the London County Council. 


THE GREAT ee Fy lees RAILWAY 


T 741 








The Directors are pre} prepared 


the following STORES, "Peer Bp 


for S cation. 

_ STEEL WORK for Brid: 0 
Specifications and Forms ye Tender may be 
obtained at this office on payment of the fee for 
= BD. sg aun which payment will not be 


the fee whould accompany a ag, sugtention ‘ve 


post. Cheques and Postat Or 
allway Co e —_— to the Onder Indian Peninsula 


vealed a0 pon ay he delivered in separate Ap 


f bag for the Supply of | fut 


BAST INDIAN RAILWAY. 


The Hast Indian Railway Company ts prepared to} 


nders for the Supply and 


BLIVERY of 
ti "GALVANIZED CORRUGATED 8 HEETS. 
D GOODS WAGONS 
3 AND yr LES 


HES 
fications to be seen at the Company's 


Tenders are to be sent to the undersigned 
later than Bleven o'clock a.m., —, + 
vanized Sheets,” 


the case 
No, 1 on Wednesday tbe 20th day of Mi March instant, 
and for Nos 2, Sand 4 on Wednesday, the Sth day 
of April proximo. 
She Commas renayves to Sask @ t to divide 
the order, also to decline an er without 
a iteelf to accept 


Ses g yand does not 
e lowes pag fe | Tender. 


on a fee of 21-18. Is charged, | a 
wera, ae returned. 
y Ord 


= 
for 


G. 'B. LILLIB, 


Nicholas Lane, London, B.C. 4. 
16th March, 1922. 


APPOINTMENTS OPEN. 





CHESHIRE COUNTY COUNCIL. 
EDUCATION DEPARTMENT, 


NORTHWICH VERDIN TECHNICAL SCHOOL 
AND SCHOOL OF ART. 


W anted, for Repeats next, 
a FULL-TIME ig ge Fy LECTURER 

for Major Engineering Co 

Graduate with Works and ond Teechin 
referred. Salary in accordance with 


iigperience 
e Burnham 
Forms of Application and further iculars may 
be obtained — A. BE. Tuomas, +» Bducation 


Office, Northwic 
CG. ¥. SS M.A., T 721 
Director of Education. 





rye Stanton Lronworks Com- 


PANY, LTD., near Nottin “FA 
announce that they have now 
APPOINTMENT of 7 Work s M 
Reinforced Concrete Works, and wou 
applicants would take this asan official n 





Fiectrical Engineer Required men 


to prepare estimates and s for direct 
current generators, especially of hig ger type. 
Give details of training, experience and salary.— 
Address, T 746, Offices o' ENGINEERING. 


\ 


perience and salary requir 





anted by Electrical Firm, 
ee ciinica a State ex- 
ed.—Address, T 758, 





Offices of ENGINEERING. 
ssistant Engineer Re- 
QUIRED by the GovERNMENT OF 
Niererta for the Public Works Depart- 
ment for two tours of from }2 to 18 months’ 
service with possible extension. Salary £480 per 
annum rising by annual increments of £30 to 
my 9 rannum and thence by annual increments 

to £920 per annum. 

toute allowance of £260 paid on —_ seuies 


ment. Free first-class and singl 2 ae 
provided, Liberal ein Gagend of on full salary 
after each tour. 
Candidates, age between 25 and 35, preferably 
single, must have had experience 
vil neers u 


quoting M/Nigeria 1131 





BRITISH NORTH BORNEO. 


Re uired Immediately in the 
RkS DEPARTMENT OF NorTH 
Borweo, TWO BNGINRENG. 


Candidates should be single and under 30 of 
age; active, of good with therowel hae 
ond “ sagen te Seen ust bee: 

mary euginee ledge; must have n 
trained in Sane Bngineering Sollags and 
should have passed: A.M.I Exam., hold 
exempting degree ; should have had 
ex moe on Public Works. Preference for one 
appointment will be given to candidate with Water- 
works experience. 

Salary £490, rising annually by £21 with house 
or house allowance, and duty allowance of £56. 
Five t, with first-class free passage 
out and home on com fon of ment. 
Appointment so el to 
Apply (in yuiting) nat later than 3rd April, with 

record of peo giving 
rns details of g of ie and technical education, 

training and eon ap cm ge testimonials 

co opleso ae to Messrs. 
ae & TRITTON, inte, Dart- 

mouth Street, T731 





eroplane Designin 


DRAUGHTSMAN (Seates) REQUIRED * 4 


T 709 


peraioular,to HANDLEY PAGB, Le>., 














Merve and Electrical 


‘HAS VACAN 


SECRETARY 


eering | Workshop and D.O. 


06 ence neg Sales Or, 


Ds htsman Wanted for 
Glesgow. with know] of Drop Valve 
an Gear. 1c 

required.—Address, T ts, ‘Ohees, of 
eatnauseve.” 
anted, Salesman 
eummestion capable of handlin 


Sterna 
Specialities, Feed Pumps, etc. peo | previo. 
experience Address, 630, Offices of GINEEBIN @. 


rticled- Pupil.—Civil Engi- 


NEHER, M.Inst.c.K , Cambridge Graduate, 
Bridges, B sidings Tet ie. 
age a oo .—For furtt 
particulars address, T T ot, OM oe 


W anted, for Céusirasiicn, l 
pee minertnds and Boiler Works, FORK- 
miths and Welders. Experience in 

Hydraaile Presswork, Oxy-acetylene and Electric 
beg Process essential.—Write, ene qualifica. 

, and when at to THE 

ag - & Co., vy Moor 
Bod Works, jg T 144 





with 











SITUATIONS WANTED. 
ngineer (28), Technical 


education, practical training. Hxperience as 

Chief Draughtsman and Works Manager, DESI KES 

POST as Technical Assistant or training in special 

brand of Be ge eg for Commercial purposes.— 
Address, T 644, Offices of ENeiverRine. 


Mechanical Engineer - (35), 


A.M.1.M.E., DESIRE. rome 
Mechanical Engineering works or office. 
P . Machine TToal 
and Layout, Power oo Cranes and Struc. 
tural. work. Leading Dra teman. © Accépt any 
suitable post.—T 704, Omiees of ENGINEERING. 


Brxzzg Engineer. — The 
er of a large Engineering Works 

Purchasing Department, who has an exceptionally 
wide bmowledas of the Markets of the Country, 
DESIRES to Negotiate NEW APPOINTMENT. 

, 2. 613, care of DEacon's, Leadenhali 

3. - T 699 














| Hginees35, A.M.I.M.E.,M.1.A.E, 


many years experience Works and Business 
ement and with complete commercial experi- 
nisation, Experienced 
esigner, and with extensive knowledge of Works 
pr a shortly ee my nee Managing 
a om seeks Reaponsibl anagerial Appoint- 
Would entertain home, continental, or foreign 
psec Rhea —T 445, Offices of ENGINEFRIXG, 


ngineer Captain R:N. (Re- 


tired) with Office In G ow, DESIRES 
WORK as Marine Superintending’ Bogineer, and 
inspection work ; or would consider g agency.— 
Address, T 707, Offices of ENGINEERING. 


Eg! neer (French), Seeks 
INTMENT (Frene in British Colonies, 
pes toagge% in Fae | —— General Engt- 


neering. good Drau, ~ “Tram — Address, 
L. LE LOND. BE Rue Vernier, T 766 


A s Assistant Engineer, 
Manager, 
use.—Gentlewan, 81, tarrled, trsined mechanical 


engineer, urgently DESIRES POST. | Good 
references. Fullest particulars on request. Open 


consider anyth reasonable with prospects.— 
Address, T 103, Ofttbes ot ENGINEERING. eee 
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STATICALLY INDETERMINATE AND 
NON-ARTICULATED STRUCTURES. 


By Professor F. C. Lza, D.Sc., M.Inst.C.E., 
M.Inst.Mech.E.. M.I.M., A.R.C.S., Wh.Sc. 


THE determination of the forces and thus the 
stresses* in the members of articulated structures 
without redundant members is not as a rule 
difficult; the ordinary principles of statics are 
sufficient. Similarly the stresses in beams, in those 
cases where the external bending moments at any 
sections of the beams can be determined by the 





ordinary principles of statics, are on the usual 
assumptions easily obtained. Many modern steel 
structures, and also reinforced concrete structures, 
consist of non-articulated elements, and as a matter 
of fact depend for their stability upon the rigidity 
of the joints connecting the elements. Such 
structures are said to be statically indeterminate, 
and principles other than those of statics have to be 
applied to determine the stresses in the elements 
of the structure. 

Well-known cases are those of the continuous 
beam, the two-pin and pinless arches, which 
can generally be solved by the application of 
the elastic theory in the manner discussed in 
the text books. A number of methods of dealing 
with statically indeterminate structures have been 
developed, with which designers should be familiar, 
and it is the object of this paper to show how a 
number of important practical problems can be 
solved by the application of the two theorems 
known as Castigliano’s theorems, and the Principle 
of Least Work, which can be said to be a special 
case of Castigliano’s theorems. 


CASTIGLIANO’S THEOREM AND THE PRINCIPLE OF 
Least Work. 


(1)t If any elastic structure is subject to a 
system of external forces, the deflection of the 
structure at any point where any load P is applied, 
in the direction of that load, is equal to the 
differential of the total internal work done, expressed 
as a function of the external loads, with respect to 
the given load. 

(2) If any elastic structure is subject to any 
system of forces or couples, the differential of the 
total internal work, expressed as a function of the 
loads and couples, with respect to any couple M 
acting on the structure, is equal to the rotation of 
the axis of this couple. 

(3) The principle of least work can be proved by 
Castigliano’s theorem, or it may be considered as an 
application of the principle of the conservation of 
energy. It simply states that when a statically 
indeterminate structure is loaded in any manner, 
the structure is so stressed that the internal work 
is a minimum, or in other words, the differential 
coefficient of the total internal work with respect 
to the force in any redundant member, or with 
respect to any statically indeterminate force that 
does not move through any distance or couple 
that does not rotate through any angle is equal 
to zero. 

Let any structure, Fig. 1, consisting of tension 
and compression members only be loaded with any 
system of loads which produce in the members 
forces F,, F,, F;, &c. Let it be assumed that there 
are one or more redundant members in which the 
forces are T, T,, &c. Then if W, W,, W2, &c., are 
the loads on the structure, and each redundant 
member is replaced by two forces each equal to T 
applied to the structure in the usual way, the force F 
in any member of the structure can in all cases be 
expressed as — 








F=kW +h Wi +hoWot+... + kT +... 
where k,, k,, &c., are constants depending upon | 
the configuration of the structure. 
Then 
SP ob 
aT 





* Many writers use the term stress’ and force in a 
member indiscriminately. The writer prefers to reserve 
stress for the force per unit area. 

t See paper by, the author in the Library Institution of | 
Civil “The use of the Influence Diagram f for | 
determining the deflection of of structures,” 


The total work done on the structure is : 
U 


U 


Til 


> 
~ 


z= 


or if Fo is the force in any member due to the 


external loads, 


Se 2 +h T+kn Th + fe.) be 


It will be noticed that k, is the force produced 


in the member by unit load replacing T. 


Similarly if the structure has all its members 
subject to flexure only and T, T,, &c., be any loads 


that are statically indeterminate, while W, W,, W,, 
&e., 


igs. 
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Fig.2. {— 
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at any section can be expressed as a function of 


some variable x. 


M = Wf(z) + Wifi(@z) +.. 
and 


. + The A & cece 


‘ rr = fr (x) 


The total work is 


It will be noticed that ( fv) is the bending moment 
produced at any section by unit load at the place 


where T is applied. 


If loads W, W,, &c., are applied to the structure 
and there are produced bending moments M,, M,, 
&c., which cannot be statically determined, the 
bending moment at any section can generally be 


expressed as : 


M = Wf(z) + Wifile)+.. 
and 


« Mo fm (2) + see 


= Im (z) 


| Then 


and 


are known applied loads, the bending moment 


It will be noticed that fm (xz) is the moment 
produced by a unit moment acting where M, acta. 
One or two elementary examples will illustrate the 
method. 

(1) A beam fixed at both ends with a load W at 
the centre of the span. 

Here the unknown couples are the two equal 
couples at the supports. Let M, be the bending 
moment at either end of the beam, Fig. 2. 

Then the bending moment at any section distant 
x from the support is 


M=M, — W 


I 
7? | (at. - wv 
9. a 


2 (Mo - 
*0 
_W \ 


= (Mo 5 > 8) 7008 Mo = 


which is a well-known result. 

As an important, and not difficult problem 
consider the case of a beam rigidly supported at 
its two ends, and rigidly fixed to a central long 
column. Such a construction is frequently found 
in reinforced concrete. Suppose the central column 
pin jointed at its lower end. If then the two spans * 
are loaded in any manner the column will be 
subjected to bending moments which will cause 
flexure of the column, as indicated in Figs. 3 and 4. 

At the pin D there will, therefore, be a horizontal 
reaction H and a vertical reaction Q; at A and C 
there will be vertical reactions P and R and a 
horizontal reaction to balance H at one or both 
A and C. 

It is assumed that the column is rigidly fixed to 
the beam at B, and that all the work on the column 
is done by bending. 

The beam A B C is thus fixed to a central column 
BD of length h. The column BD is subject to 
flexure, and the work done due to direct compression 
is neglected as compared with the work done by 
bending. Let,M, be the bending moment to the 
left of B; M, the BM to the right of B and M,, 
the bending moment at the top of the column 
below B. Then: 

M2 = Mo + My 

The bending moment diagram for the post is the 

triangle ebd, and the bending moment at any 


. . Mz 
distance z from D is —— 


let AB = I, B¢ lL, BD = h, and let 
AB and BC be covered with uniformly dis- 
tributed loads w and w, tons per foot respectively. 


dU 


pa d.# dx 
aM 


= 0 

EI 

wi 
8 


Ig = moment of inertia of A B. 
I; % a BC. 
I BD. 


Then the work done by flexure is 
ch -l 
| Ces" ( 
0 “0 


Mo x + Miz _ 


, 
r ("2 
0 4 


l 


M) « 
h 


2 dx 
2 EI 


dx 
2El 


U 


wak\2 
Mo7— ) 


2 


2dz 


ww) h x 
2EL 


» 


wy x2 
+ 
» 


= 


(1) 


From which 


dU Ww) 12 


1 
My + 7 (Mo + Mh - 


w, 12 


)=0 (3) 


Then from (2) : 
M, +1(mM) + M 
r\ 
and from (3) : 


~ mht) 
8 


l w [2 w, h2 
— {Mo — —) + Mo + M —- GL 
= ( o-“—) + Mo + My - 


Multiply (4) by r: 








wy 12 


rMy + Mo + M 6 


. 
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Subtracting (6) from (5) : In (18), suppose 1 = 1,,andp =1. Then W, W', W4, &c., on the span AB and on BO, 
= (Mo - =) ne a6 Q — Ml? + 3r +24) +wR (1 +1) loads W,, W,', W4, &c., the value of 
n we Sil + 21) Nay (Wats , Wate 
Mo = rp My + - (7) Ifr=1, w=w, andl=1,,Q=%wF. This at a co oT ) 
Set iia ‘ is the same result as when the strut is short; the | of 
Substituting in (6) : We npels moment on the column is zero and H is zero. N, =z (" oth , Wie *) 
rR ers + + es ® Now suppose the load on A B is a concentrated h2 2h2 
“= Mi, = th? — we - load W at distance afrom A, and the load on BC a) | M,, M, ‘and M, sre given by the equations 





8 {1 +rip +0} 


Now let the horizontal reaction at the pin D 
be H, then M, = HA, and 
w, 12 — wilt 




















H = 7 (10) 
2 sh {1+ rip +1} 
rom (7): 
te wk. _rp(mh? — wh) 
s 8 {1 +r(p +} 
= SM oor tip a 
x l+r(p +) 
Now let P be the reaction at A. 
Then 
My = “2 _ pt 
or pr 3 wl rr p(w h? — wl) (12) 
° 8{1+ri+n} 
from which 
P=3 wi ( rp “= 
8 l+r+rp 81 


When the moment of inertia is constant for the 
beam and the column and the length 1 = 1, r= 


l 














and p = 1. 
Then : pe L(iwh + 3wl — wih) 
8(l + 2h) 
and "os B(w, — w) 
Bil + 2h) 
When w = w, and h is zero 
Pa. oe 
Now: Me = My + Mo 
_ wt + rp(wyl;2 — wi?) wh)? — wl? (13) 
8 Sl+e+rp) Sl +r+rp) 
— rw + (lL + rp) wily? (14) 
81 +r +rp) ? 
From (11) 
as wR(l +r) + rpwh? (15) 
8(l+r+rp) 
Suppose 


lp=1,; p=! 


Then wll +r) + r (wyl)2) 








My = - (16 

. &l + 2r) (16) 

and Me ax wylh2(1 +r) + rwlt (17) 
8(1 + 2r) 


2 
If = = Nand ue = Ni the equations can be 


simplified. It is interesting to note that if the 
beam A B were supposed to be ‘rigidly fixed at the 
ends, the bending moment at A and also B would be 


wl? Then 


12° 


Similarly _ yh? } 


1,2 
PR 

The reactions R and Q, at C and D respectively, 
can now be found. 


2 
% a ue - Qh 
wh? — rwlt + (1 + rp) wh? 


Qk = 


2 Sl +r+rp) 
or substituting from (13): 





rp (wih? — wi?) — wh? + wl 
8(l +r +rp) 
ae 3wyl)2 +3rwyl)2 +3rpwl? —rpw il? +rpwl® —w,l2 +wi2 
8(l+r+rp) 
=: wy h2 + 3r + Ir p) + wi2(l + rp) 


3 wy l2 
= 
Qh ry 








*(18) 








be 8h(l+r+rp) 
From (12) : 
p = VA +4°p+rp) — wv h2rp) *(19) 
Bll +r +p) 
and R = wl + mh — (Q +P) 





* Asa check of these equations take moments about C then 
PQ +h) —HA+Rh—wt (L4H) - ak’ 29 


concentrated load W, (Fig. 4). The moment at F due 
to the couple M, in the length a is aes. and the 
moment at F in the length 6 is Mo (2 -3) ; the 


moment at E due to W is wt: and at F is me 


Similarly the moments at G in BC can be written 
down. 
Then 









































8 dz x Wb .\2 dz 
U= «2. My = — 7?) 
[ (m3)'54, | (> j I TEL 
“0 0 
Wa 2 dz 
+ ee Fi ——_ 
f {m0 ( i) i =} TEI 
0 
3 ’ rs 
+ {Me= — ih a } 
i h 2B 
0 
5 w d 
M 3. WS ax x 1 
+] {me(1 rT hem. -* 
0 
Ate: B Cc D 
tn 
---J -----<------ J -------- > K-1-L2- 
! 
i 
= 
! 
E Fi, 
H “bet 
(7093.4) 4 
Substituting for M, its value M, + M, 
dU _ Mh + Mo a;5 My a;5 _ Wy by a3 
dM 31 321, 31; 321; 
Mo we OS My ’.. 
+—(b- — + —) + —(b- — 
i I zn) = ( T zn) 
Wy a; 5,5 _ Wa, by2 ply (2) 
32T, 2h Sy agar ae 
or 
ee ed 
b> oom 3} 4 312 Ip 2 Khe 3h 3h 
- {_™_ 3 -« 7+ Tanl=0@ 
{ ey rat — ah) + POS (3) 
#.e., 
Mih , Moh MA (Mt aed + Ti) =o (4) 
I lL Lb ih 24h 
Similarly 
dU _ Mol _ (ues wet) (Mo + My) 
a Mo Ip Th 21 Ip h 
Wi 432 | Wi as ) 
- + 5 
( ql 24h 6) 
Let 


Watd Wab?_ x, 
e  3R 





: . 
and ween +Wiaibh?_y, 6) 


2he 


Now let 
+o es 
moe 
and 
Ip ph _ 
Sek ins 
Then 
Ni -—N 
ay on er 7 
1 it+roer) (7) 
l1+n(p +) 
we — "N+ (1 +). ©) 





l+r(p +1) 

Similarly if there are any number of loads 
* If the beam A Bis supposed fixed at both ends the bend- 
ing moment at A = 1%? ana the bending moment at B 
_ Wade, 





i.e., N = Ma + § Mp where Ma and Mg would 














be the end bending moments if the beam were fixed at its ends. 








(7), (8) and (9). 


Contrnvovs Beam AD, Fie. 5, Ricitry, Con- 
NECTED TO Two Cotumns at B anp'C,, wuicn 
ARE PIN-JOINTED AT THE LOWER -ENDs. 

First assume uniformly-distributed loads w, w, 
and w, per foot run, on spans I, 1, and /, respectively. 
The moment to the left of B is 


[2 
Ms = “" 
ay 


— Pl+Hh’ 
and the right of C is 
Mc = ‘2H —8h+Hh 


The bending moment at any point in BC at z 
from B is : 











M = Mp — (Mg — Mc) %— 7" , 2? 
1 3 2 
The total work done is 
: 2 2 ple 2 
U= (“F - Pe ha +| (2 - se)" 
os? TEL A 2 EL 






































ty 
+ { wl? PplsHh (1-5) +("SE- see + ma) F 
2 h 2 h 
“0 
2)2 P 
_ whe wy x } ge +2 (Hx)? ~ (1) 
2 2 2EL, pA 2ElI) 
Then 
dU ba kas PE + PR | Skil, _ Hhlh 
dP I 3i, 61, 2, 
a wl4 w 11; wy, 11,5 on wo Ll; Ip2 (2) 
8I 6h 241; 12h; yi 
dU Pl _ Shh + Hhlh + 2 Hh2 
dH 2h 2 I 3 Ip 
wlth => 13 We Ie2 ly as" (3) 
4h 122i 4i 
dU _ Plhh 8h b2 813 Hhhh _ wkhkh 
d58 6, 3i 3 Ip 2, 12 
+ Mhhi _ mht _ whieh _ go (4) 
241, 8 I, 6, 


From equations (2), (3) and (4) P, H and § can 
be found. 

If there are concentrated loads on the beam, 
these equations are slightly altered, but the student 
should have no difficulty in substituting the bending 
moments for concentrated loads exactly as in the 
previous case. When the moment of inertia of the 
beam is constant and equal to that of the columns, 
w= WW, and | = l, 


_ 2HAh+ 8wPR(2h+ D-w hs 
41(21+ 3h) 


P=8 





and 
ks Lh, (2 wy kh? + 3 w IZ) 
AH(2h1L+3A4 + 31h) 


When | = 1, = 1, 





p—s—32H* + 1(9 w — w) 
51 20 
— B(2 w+ 3 w) 
8hA(5h+ 31 
and 
gana Miwiw) _3Hh 
20 6 7 


When w = w, and the supports are firm 
and 


Instead of working with P, H and § as un- 
knowns, the couples Mpa, Mpx and Mcp can be 
taken as unknowns, where Mpa represents the 
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ARRANGEMENT OF SUGAR MACHINERY IN MILL. 
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couple to the left of B Mg x, the couple below B, 
and so oa. Let ; 
i 
i 
oT 
h 
I 
i 


i™ 
I 
"= 


x 


x 
ll 
s 


x 


Sy oie 
I 
a 


and 
2ql(4rpt+4r+4p+3)+3(4rp +r +p) =X. 
Then: 


Me a = amen 


4(p + 1) (2¢+3)-9 +3 4@p+) 


v 
Yp(3—4 . 
(+57 ») (5) 
Meer= Sf srep+y + e2tr + p+) 
-@p+W}-L3p@r+H . ©) 


Mec =22r {2(p +1)(2¢+3)-3@+2)} 


+32 {@p+0@a-1) +(r+1) 4p +1) -p} 


-J2p@q+3n 


Mev = Br (S—4q)+ 24(2r +1)q 


-. (7) 


. vp {+1 (2q +3)4-9} - (8) 


—-M 


Mcr = —— 
x 


Sr@p tl +52 + Vp +) 


-(@p+1}-Y3per+)) . 3) 


Mo sims Zo 2a + 3p) +32 {rap +1) 


+2@r+)(@) +P} +U2p(@r+ (eq + 3) 


— 3(2+2)} . (10) 
As a check, Mgx = H.h. When! =i, = 1, 
and I is constant, r, p and q are unity, and 
2 (2m, +30 
ax( Soest) 
(To be continued.) 
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THE THORNYCROFT CONTINUOUS 
SUGAR BEET DIFFUSER. 

In the manufacture of sugar from beet the roots 
are cut into slices and are steeped in hot water in an 
apparatus known as a diffuser. The sugar dissolves 
from the beet and a solution, or “ sirop,” is obtained. 
This “ sirop ’’ is then treated with lime to precipitate 
non-sugars, is filtered, bleached and evaporated 
in vacuum pans. With the details of these latter 
processes we are not concerned in this article, the 
purpose of which is to describe a form of continuous 
diffuser which has been worked out by Sir John I. 
Thornycroft. The diffusion process is a very 
important step in the manufacture of beet sugar, 
and a deseription of the Thornycroft apparatus 
may well be prefaced by a short account of the 
process as commonly carried out. In no other way 
could the special features of the Thornycroft diffuser 
be made clear to those who are not intimate with 
beet sugar manufacture. 

As before explained, the beet-roots cut into slices 
are steeped in hot water. The sugar in the beet 
is contained in minute plant cells and although, of 
course, @ proportion of these are cut open in the 
slicing, the majority are unbroken. The sugar 
passes from these to the water by a process of 
dialysis, so that some time is necessary for the com- 
plete removal of the sugar. In the early days of the 
manufacture of beet sugar the roots were crushed, 
or rasped, so that the cells were destroyed. This 
cut down the time required for diffusion, but had the 
disadvantage ny" gs bay of. the colloidal non- 
Sugars present in the cells passed into the “ sirop.” 
In the diffusion process as now practiced, tat fa 
described above, the non-sugars pass out of the cells 
more slowly than the Sugar so that a product is 





obtained, which although in a dilute state, is purer 
in sugar than is the original juice in the beet. 

If a charge of sliced beet is steeped in sufficient 
water to cover it sugar will diffuse out of the cells 
only until the strength of solution is equal inside the 
cells and out. If the beet is then discarded, it will 
carry away a proportion of the sugar with it and the 
richer the “ sirop ’’ which has been formed the larger 
the amount of sugar lost. If sufficient water is added 
to make this final loss negligible, it will be clear 
that an extremely dilute “sirop ” will be obtained 
requiring a large amount of evaporation. To get 
over this difficulty diffusion is carried out in a 
number of stages. The apparatus used consists of 
a series of cylindrical tanks which are arranged 
either in a circle or in parallel lines. These are 
loaded with sliced beet, and diffusion takes place 
inthem. Ten or 12 of these diffusers go to make up 
a battery. 

In normal operation each diffuser is charged with 
fresh beet in turn and the “ sirop ” passes through the 
range from one diffuser to another, valve connections 
being provided to allow this to be done. A diffuser 
which has just been charged with fresh beet always 
becomes the last of the range. It is fed with “ sirop”’ 
from the one previously charged, and this in turn is 
fed from the one beforeandsoon. The result of the 
arrangement is that each diffuser is at each change 
fed with “sirop ’’ of a lower density than that which 
it displaces. Each diffuser in a 12-diffuser battery 
is subjected to 12 different changes of ‘‘sirop” of 
gradually decreasing density, the final charge being 
with fresh water, which leaves the beet practically 
free from sugar. It will be understood that each 
diffuser alters its relative position in the cycle 
as each fresh charge of beet is fed to the battery. 
What was the first diffuser becomes the second, the 
second becomes the third, and so on. After 12 
chargings in a 12-diffuser battery what was once 
the first diffuser becomes the twelfth and the spent 
beet is then removed from it, a new charge inserted, 
the diffuser then again taking the first position in 
the cycle. The diffusers do not themselves move, 
but pipe and valve connections have to be made to 
each so that each may be connected to the next, and 
finished “‘ sirop”’ may be drawn from each or fresh 
water supplied to it. The process is a continuous 
one and is carried on night and day during the season 
when the beet crop comes in from the fields. This 
season lasts about 100 days. 

It will be clear from this brief description that a 
diffusion battery is a bulky piece of apparatus, 
occupying much floor space and, forming an ex- 
pensive item in a beet sugar factory. Considerable 
attention is also required in connection with the 
passing of the “sirop” around the battery of tanks, 
while the arrangement presents a very large surface 
for loss of heat by radiation, the process being 
carried out at a temperature not greatly below 
the boiling-point of water. These considerations 
have resulted in attempts being made at various 
times to construct continuous diffusers. In the 
past these, as far as we know, have not been success- 
ful, and great interest is as a consequence likely to 
be taken in the Thornycroft diffuser which has 
given very promising results on test and is now 
being put into commercial operation. Sir John I. 
Thornycroft’s attention was directed to this subject 
towards the end of the war, when sugar was scarce 
in this country, and as a result of his studies he 
designed a continuous diffuser and constructed a 
model plant capable of dealing with 30 kg. of beet 
an hour. Tests of this were so satisfactory that a 
larger model capable of diffusing 550 kg. of beet 
an hour was constructed and erected in an old 
water mill at Old Basing, near Basingstoke, for 
experimental running and tests. The diffuser 
erected in the mill is shown in Figs. 1 and 2, on 
Plate XVI, while separate views of the machine 
itself to a larger scale are given in Figs. 3 to 5. 

It will be gathered from these illustrations that 
the diffuser consists of a single chamber in the form 
of a vertical cylindrical tank. The whole of the 
diffusion process takes place in this single chamber, 
the sliced beet entering at the bottom and being 
removed fully exhausted from the top. The various 
parts of the plant are illustrated in considerable 
detail in Figs. 6 to 38, on Plate XVI, but 
before dealing with these reference may be made 
to Figs. 40 to 41, on page 328, which give general 





views of the diffuser as erected in Messrs. Thorny- 
croft’s Basingstoke works. Thesetwo illustrations 
give a good idea of the general appearance of the 
plant and of its size. It should be understood 
however, that when the plant is finally erected in 
a sugar factory somewhat more extensive facilities 
will be provided for obtaining access to the top of 
the diffuser for the purpose of removing the spent 
beet. This would be arranged either by providing 
a larger top platform or by fixing the plant so that 
it projected through one or more of the floors of 
the building in which it was fixed, as in the installa- 
tion in the mill shown in Fig. 2 and in Figs. 3 and 4. 
Although this plant is quite a large piece of appara- 
tus, as will be clear from Figs. 40 and 41, from the 
point of view of commercial sugar production it is 
hardly more than a large model, of sufficient capacity 
however for adequate commercial tests to be made 
with it. The plant was constructed throughout 
by Messrs. John I. Thornycroft and Co., Limited, 
at their Basingstoke works. It has now been 
shipped to France, and put into commercial opera- 
tion. 

The operation of the plant will best be described 
with reference to Figs. 3 to 5. As will be seen from 
these there is a rectangular tank M fixed near the 
bottom of the main tank or tower A. Part of this 
tank M is divided off by a perforated plate and into 
this part B the sliced beet falls direot from the 
slicing machine. Hot juice, or “ sirop,”’ is maintained 
at a constant level in this tank by means of a ball 
valve C, which is connected to a pipe leading from 
the bottom of the tower. In order to ensure that the 
juice in this tank M shall always be kept at a high 
temperature a heater, or calorizator H is introduced 
in the pipe connecting the valve C with the bottom 
of the tower. The heater can be seen in Figs. 3 to 5, 
and also in the general views of the given in 
Figs. 40 and 41, page 328. It will be seen from these 
latter figures that the calorizator is actually some- 
what longer in proportion to the tower than is indi- 
cated in the outline views. Fixed at the bottom of 
the tower and axially with it there is a cast-iron 
cylinder D, the piston of which is operated by an 
hydraulic ram, and at the top of this cylinder there 
is a large mushroom valve, also operated hydrau- 
lically by the ram L. The cylinder is connected 
to the tank M by the passage which can be seen in 
Fig. 3, and this passage is arranged so that it can be 
opened and closed by means of an hydraulically- 
operated slide valve. The of the 
piston and mushroom valve with their operating 
hydraulic cylinders will be understood from the 
enlarged detail given in Fig. 6, on Plate XVI. The 
slide valve can be seen to the right of and close 
against the cylinder in Fig. 3. The scale is some- 
what small, but the arrangement should be quite 
clear from the details of the cylinder given in Figs. 
7 to 12. The face on which the slide valve works 
is clearly shown in Figs. 7 and 8, while detail views 
of the slide valve itself are given in Figs. 15 to 17. 
The mushroom valve is guided by four brackets, 
details of one of which are given in Figs. 13 and 14. 
When the piston in this cylinder D descends, a charge 
of mixed beet slices and hot juice passes from the 
chamber B and fills the cylinder. The slide valve is 
then closed, the mushroom valve is opened and the 
piston rises, forcing the charge of beet and juice 
into the bottom of the tower. The mushroom valve 
then closes. It is necessary to prevent air being 
drawn into the system, as this would be detrimental 
to the diffusion, and the bottom of the cylinder is 
connected by a pipe to the tank M, so that when the 
piston rises the lower part of the cylinder is filled 
up with juice from the tank. This juice is returned 
to the tank when the piston descends again. 

Diffusion takes place in the tower which is the 
essential item in the machine. It is 54 m. high 
and 700 mm. diameter, and is built up of three 
sections, each formed from two steel plates rolled 
and riveted together. A welded angle-iron ring is 
riveted to the top and bottom of each section and 
bolts through these angles hold the whole arrange- 
ment together. The bottom angle is bolted to a 
face plate which is approximately 1,100 mm. square. 
The cylinder D is bolted to the underside of this 
plate. At the bottom of and inside the tower there 
is a cast-iron cone-shaped grating, which can be 
quite clearly seen in Fig. 3. This is introduced to 
prevent beet clogging the pipe which leads to the 
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ball valve C by which the tank M is kept filled with 
juice. 

When the tower is in operation it is completely 
filled with a mixture of beet and juice, so that when 
the piston ascends and the new charge is introduced 
the column of beet in the tower rises suddenly. 
Since, however, juice is led away from the base 
of the tower to the tank M the column of beet 
tends to fall again. If this were allowed it would 
form a pack which would be difficult to raise, and 
to prevent it a number of screw-blades are carried 
inside the tower by a shaft which projects down from 
the top. The shaft and its screw-blades are indi- 
cated in Fig. 3. The shaft is supported in a 
bearing at the top of the tower, and is partially 
rotated after each rise of the piston by means of the 
hydraulic ram shown at I, in Figs. 4 and 5. The 
weight of the beet as it rises is picked up by the 





revolving screw-blades which prevent it from falling 
again. A detail cross-section of this hydraulic ram 
which operates the vertical shaft is given in Fig. 18, 
on Plate XVI. The snaft is driven through a pawl 
and ratchet, and the tail rod of the ram is fitted with 
a buffer spring to prevent jar on the return stroke. 
Details of the screw-blades are given in Figs. 19 
to 21. 

During diffusion it is essential to maintain the 
temperature of the mixture of beet and juice inside 
the tower. In order to effect this three small 
centrifugal pumps, indicated by J in Fig. 3, are 
bolted on the side of the tower. These pumps 
draw water from the tower and circulate it through 
external pipes returning it to the tower at a point 
diametrically opposed to that from which it was 
drawn out. Steam jets are introduced into these 
pipes and by means of the valves controlling them 
any desired temperature can be maintained in the 
tower. The pipes are furnished with fittings to 
carry thermometers. These centrifugal pumps, 
besides providing a means of regulating the tempera- 
ture are also beneficial in that they keep a steady 
flow of water in circulation over the beet and thus 
give more even washing. In order to prevent small 
pieces of beet from clogging the pumps, large area 
gratings are placed between them and the tower 











on both the suction and delivery sides. The pumps, 
as will be seen from Figs. 40 and 41, page 328, are 
driven from an electric motor by belts stepping from 
one pump to the next. Details of one of the pumps 
with the impeller and driving pulley shown separately 
are given in Figs. 22 to 25,on Plate XVI. Figs. 26 
and 27 adjoining these show details of the cleaning 
door which is situated near the bottom of the tower 
and can be seen in Fig. 3. 

It will be evident from what has already been 
said that the strongest juice is at the bottom of the 
tower, and that as the beet gradually rises it comes 
into a weaker solution so that all the sugar it contains 
is gradually given up. The fresh beet as already 
explained, enters at the bottom. It leaves fully 
exhausted at the top the lip shown at K, in Fig, 3, 
being provided to facilitate its removal. As the 
beet travels from the bottom of the tower to the 





pressure or reverse as may be required. A general 
view of this control gear is given in Fig, 39, 
subjoined, while various details are given in Figs. 
29 to 39. 

This control gear is self-contained, and can be 
fixed in any convenient position away from the 
diffuser, the only connection between the two being 
the high-pressure water pipes. The gear is not 
indicated in Figs. 3 and 4, but it can be seen in the 
foreground of the plant in Fig. 41. The cam 
plate which controls the operation of the distri- 
buting valves lies in a horizontal plane, as will 
clearly be seen from the plan view of the apparatus 
given in Fig. 29. Around and above its upper 
surface, which carries the cam grooves, the dis- 
tributing valves are arranged. They will clearly 
be seen in Fig. 29, one at the left, one at the bottom 
and two to the right. Their positions relative one to 
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Fie. 39. GenerRAL View or Controt GEAR, 
top, the juice travels from the top to the bottom. 
The juice ready for further treatment is drawn off 
from below the cone-shaped strainer, and the 
fresh water is fed in at the top. To maintain a 
constant level a tank F with a float is fixed at the 
top of the tower as shown in Fig. 3. This float con- 
trols a valve G in the fresh water supply pipe. 
This pipe terminates in a ring with small per- 
forations so that the supply water falls into the 
top of the tower in a fine spray. 

The operation of the plant is continuous, sliced 
beet and water being supplied as required and full 
strength juice being drawn off. Attendance is 
required in connection with the beet supply and the 
drawing off of the juice, also in connection with 
temperature regulation. All other operations are 
automatic. As will have been understood from our 
description, there are four operating rams in con- 
nection with the plant. These control the piston, 
mushroom valve and slide valve of cylinder D 
and the movements of the vertical shaft carrying the 
screw-blades. The operation of these various rams 
is controlled in the correct cyclic order by a cam 
plate which is continuously rotated by an electric 
motor. This cam plate operates four distributing 
valves which, in turn, control four oil-operated 
relays which connect the hydraulic cylinders to 
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another around the cam plate depends, of course, 


on the relative times at which the various rams are 
required to operate in the cycle. One complete 
rotation of the cam plate corresponds to one com- 
plete cycle of the diffuser. Some details of one of 
the distributors are given in Figs. 30 to 35, and it 
will be understood that the rotation of the cam plate 
moves the valve rods of these distributors in and 
out and so controls the pressure oil supply to the 
relays. The oil supply is at 5-6 kg. per square 
centimetre and is obtained from a small oil pump 
driven by the same motor which drives the cam 
plate. The pump can be seen in Fig. 39. A partial 
cross-section view of one of the relays with a separate 
view of the hydraulic valve is given in Figs. 36 and 
37. The oil supply works on the large diameter 
piston, and the movements of the latter control the 
water supply to the rams. The relays are shown 
mounted round the cam plate in Fig. 29, but 
actually they are mounted in a row on the base- 
plate of the tower, as shown in Fig. 39. A detail 
of the grooving of the cam plate is given in Fig. 38. 

We need not again point out that this Thornycroft 
apparatus is a continuous diffuser, but the detail 
explanation of its operation which has now been 
given will have brought out more clearly the 
advantages as compared with the ordinary multi-cell 
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diffuser. A point which we did not mention in 
our earlier brief description of a multi-cell battery 
is that in plants of that class two cells must always 
be cat of action, so that in a 16-cell battery, 12} per 
cent. of the plant is always non-operative. No 
such condition of course applies with a continuous 
diffuser. A further point which may be mentioned 
is that in a multi-cell plant diffusion takes place in 
steps and the result can only be perfect when a large 
number of cells are employed, because the beet 
slices at the top and bottom of each cell are not 
equally exposed to the stream of juice which has to 
remove the sugar from them. In the continuous 
machine the beet slices are moving in a contrary 
direction to the flow of the juice and must finally 
come to a place where, when they are low in sugar 
content, they come in contact only with pure water 
and thus yield the last of their sugar. A final point 
which may be mentioned is that in a multi-cell 
diffuser unless a special compressed air system is 
employed to force the liquid from the cell to be 
emptied, a large amount of sweet water must be 
wasted. In the single-cell machine the beet leaves 
the water before it is discharged and consequently 
the water drains back into the machine. As already 
stated trials with the Thornycroft diffuser have 
proved very satisfactory and have shown that 
diffusion is in every way as complete as with the 
multi-cell system, while it will be quite clear from 
the description we have given that in first cost and 
labour charges it should compare very favourably 
with its older rival. 





THE INSTITUTE OF METALS. 
(Concluded from page 303.) 

On the members reassembling in the Hall of the 
Institution of Mechanical Engineers, in the after- 
noon of Wednesday, the 8th inst., the reading and 
discussion of papers was proceeded with. 


THe InrerRNaL MECHANISM OF CoLD-WoRK AND 
REORYSTALLISATION IN CuprRO-NICKEL. 


The first paper taken on that occasion was the one 
having the above title, by Mr. Frank Adcock, who 
read it in abstract. We commenced the reproduction 
of this on page 305 of our last issue, and give the 
concluding part on page 340 of the present one. 
Mr. Adcock stated that he had selected cupro-nickel 
for his investigations since he had plenty of that 
metal available; it could, further, stand a large 
amount of work, it polished easily and he had ready 
means for etching it. 

Dr. Johnson, who opened the discussion, con- 
gratulated the author for his work and for having 
found an alloy which lent itself to recrystallisation 
in various stages. He (the speaker) had worked 
with copper, and dealing with the author’s state- 
ment to the effect that the cupro-nickel showed a 
coarse structure after drastic annealing, he (Dr. 
Johnson) thought that was a great advantage, for 
the coarse crystalline material was better for 
examination purposes than the fine crystalline one. 
Here Dr. Johnson gave lantern slides and pointed 
out the close relationship which existed between 
his own work and the author’s; the same pheno- 
mena were exhibited; the rolled out crystals 
showed etch bands lying 40 deg. to the direction of 
rolling and were reversed from grain to grain; also 
etch bands in the cold rolled beta decrystallisation 
along the planes of slip, and other points of simi- 
larity. 

Miss Elam found the series of photographs to be an 
excellent one ; these coupled with the good explana- 
tions in the paper, afforded further evidence in 
regard to the recrystallisation of metals, and 
supported the conclusions of all previous papers 
dealing with the same subject, namely, among others, 
that recrystallisation after work was associated with 
some interruption in the crystal structure. She had 
always found that isation started in the 
boundary, and others had also found that that was 
the case. She suggested that the etch bands were 
very fine twins; she had examined pure silver 
and had found quite a number of such striations 
which were really fine twins. Here Miss Elam 
exhibited slides showing the striations in silver 
to be very similar to those pointed out by the author, 


fine twins. On annealing recrystallisation followed 
these bands as was the case with the author’s metal. 
The author had concluded that the crystal orienta- 
tion was altered by “ bending,” but in his explana- 
tions of the photomicrographs he did not confirm 
the point. Oblique illumination would better throw 
up the structure, and Miss Elam asked whether he 
had tried oblique illumination. There was no 
evidence of “ bending,” the structure was parallel 
throughout ; orientation did not vary in an abrupt 
manner. With reference to the author’s con- 
clusions, several of which were in accordance with 
the observations made in the Carpenter and Elam 
papers, Miss Elam expressed the view that a stage 
had not yet been reached at which one could theorise 
upon these matters. 
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dealing with aluminium. 
was more in them, he thought, than appeared 
illumination in cupro-nickel. 
careful examination. 
as to amorphous material in “ bending.” 


was etched. 
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it in abstract in page 342, and need not refer to i 
specially here. 
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and there was no doubt but what they were very 





Dr. Rosenhain found the photomicrographs most 
interesting. He disagreed with the last speaker 
and thought one could well theorise on the subject 
and not merely accumulate dry facts. The author’s 
findings were confirmed by other work carried out at 


also homogeneous in solid solution and also having 
the etch bands strongly marked. He illustrated 
this work by a number of slides showing slip bands 
and said he did not think there was real twinning in 
these bands, but what occurred was dislocation of 
crystal orientation. The band was somewhat like a 
crystal boundary. Dr. Rosenhain also drew a 
comparison with the occurrence in nickel steel., In 
regard to “‘ bending,” if a large crystal were taken 
and “bent,” the doubled one would have a change of 
He illustrated his remarks by a sketch 
of a crystal on which he marked cleavage planes, 
if the crystal were bent pressure occurred at one 
point of the planes and tension at the other point ; 
he showed the amorphous layers to be thick on the 
tension side and thin on the opposite pressure side. 

Dr. F. C. Thompson agreed with Dr. Rosenhain 
in thinking that the structure could not be Neumann 
to “ bending,” in nickel-silver 
slip bands did bend as shown by the author; there 
was @ definite bend at the crystal boundary. Dr. 
Thompson explained by a sketch how it was possible 
to get two different types of crystal deformation ; 
in rolling there occurred a marked shear along 


In the course of his reply to the discussion, 
Mr. Adcock said he was glad the work by Dr. 
Johnson gave somewhat similar results to his own, 
but the straight line in brass, shown by Dr. Johnson, 
had not much in common with the “ fuzzy” lines 
he (the speaker) had shown in cupro-nickel. He 
(the speaker) had gathered much inspiration and 
help from the two Carpenter and Elam papers 
In the matter of the 
Neumann bands, he was not an authority, but there 


When examination was made under high magnifica- 
tion they were not straight but serrated. He had 
not tried for difference in orientation by oblique 
Concerning the 
“bending” of the crystal structure, the patches 
where bending took place were only seen after 
Cupro-nickel etched up better 
than other metals, and better showed orientation by 
etch pits. He noted Dr. Rosenhain’s explanation 
With 
reference to the sketch by Dr. Thompson, coring 
was not visible after annealing when the material 


Tue Errscrs or Impurities ON RECRYSTALLISATION 


The second paper read at the meeting on Wednes- 
day afternoon, the 8th inst., dealt with the “ Effects 
of Impurities on Recrystallisation and Grain 
Growth,” by Major C. J. Smithells. We reproduce 


Dr. Carpenter, who alone took part in the discus- 
sion welcomed the paper as being the first one pre- 
sented by the Research Laboratory of the General 
It gave an interesting instance 
of rapid crystal growth, in rather special conditions. 
He would like the author to state how he had 
measured the temperatures. The metal was admit- 
tedly unhomogeneous; in the first instance it was 
powder which was treated as the author explained, it 
was pressed, sintered, swaged and drawn into wire. 


The author had referred to a statement in one of his 
(the speaker’s) papers written in collaboration 
with Miss Elam, to the effect that “in worked and 
annealed metais the impurities either passed into 
solution or remained scattered throughout the 
crystals quite independently of the boundaries,” 
and added that the statement required modification. 
Dr. Carpenter maintained this statement. He also 
found that the author’s general theory was based 
upon the hypothesis that his (the author’s) special 
case was applicable generally. As Miss Elam had 
said earlier in the day, we wanted more facts rather 
than theory, and it was in such instances as the 
present one that her remark was specially applicable. 
Dr. Carpenter saw nothing in favour of Mr. Smithells’ 
said hypothesis in the third part of his paper. The 
only metal showing any appreciable vapour pressure 
was zinc. It appeared to him (the speaker) that 
no measurements of vapour pressure were made at 
the temperatures at which the metals were studied. 
The paper made four assumptions. That an 
amorphous phase existed between crystals and that 
theory would not explain everything ; this was not 
established. In the second place, that large 
crystals dissolved smaller ongs; in this connection 
Miss Elam and he (the speaker) had shown that was 
not the case. In the third place, the author referred 
to the crystal lattice, but his remarks in this con- 
nection were not in agreement with papers on 
X-rays. Finally the author brought forward the 
strain hypothesis and asked whether there were 
any basis for assuming that a strained crystal had a 
higher vapour pressure than an unstrained one, 
and said at the same time that there was at present 
no evidence as to the arrangement of the molecules 
within a strained crystal. Exception could there- 
fore be taken at all these four points. 

In his reply, Major Smithells said he had endea- 
voured to account for the facts of crystal growths 
which had not yet been accounted for. Dr. 
Carpenter had not put forward a constructive 
argument. The temperatures were registered by 
photometry, the lamps were put on the required 
voltage to give the desired temperature. In regard 
to the migration of the impurities to the grain 
boundaries, in the author’s experiments the large 
grains contained thoria, and thoria went to the 
boundaries, none insoluble remained in the body 
of the crystal. Dr. Carpenter had taken too 
literally his (the author’s) references to vapour 
pressure, and the latter showed by a sketch on the 
blackboard how vibration increased with tempera- 
ture and the difference of the occurrence and 
behaviour in solids and liquids. In the matter of 
the amorphous phase he would not enter any 
further at that stage, and if Dr. Rosenhain did not 
support that theory in the present discussion, he 
(the speaker) would not. He still believed the 
majority of workers were agreed that large crystals 
absorbed small ones. (Here Dr. Carpenter said his 
and Miss Elam’s work related to material which was 
unstrained.) Continuing his reply, Major Smithells 
added that as annealing was proceeded with the 
grains continued growing. He had seen the paper 
on X-rays analysis and there seemed to be no doubt 
that when strained the crystals got slips “ in little 
blocks,” and in his (the speaker’s) theory there was 
some residual strain “ in little blocks.” He asked 
Dr. Carpenter why he postulated that a strained 
crystal did grow. (Dr. Carpenter replied that he 
was carrying out further experiments and would 
publish the results of these only when ready.) 


FurtHer Srupies In Sgason-CRACKING AND ITS 
PREVENTION. CONDENSER TUBES. 

The third paper taken at the meeting on Wednes- 
day morning was the one having the above title, by 
Dr. H. Moore and Mr. 8. S. Beckinsale. We 
reproduce it on page 337. In presenting it, Dr. Moore 
confirmed the remarks he made during the morning 
meeting and said he felt dubious as to the advisa- 
bility of going to the high temperatures mentioned 
by Dr. Bengough, as the effect might be a reduction 
in the hardness of the tubes. Dr. Rosenhain’s 
suggestion as to the removal of stress in the tube 
was a good one, and the removal of stress might 
have a favourable effect on resistance to corrosion. 

Mr. R. T. Rolfe said splitting might occur in 
condenser tubes, and the authors’ paper gave 
methods of preserving them from that occurrence. 
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In this connection, in the address he delivered in 
1914, Engineer Vice-Admiral Sir Henry J. Oram 
said that in 1908, when the condenser tubes at work 
at sea in the British Fleet numbered about 2,500,000 
only 21 failed by splitting, while, in 1913, when the 
number was about 3,800,000, only 16 failed by 
splitting. Admiral Oram, on the same occasion, 
said that “the ideal to work for was to reduce 
the failures to zero,” but added that “ beyond 
a certain point further tests, restrictions and pre- 
cautions became so expensive as to be not worth 
the cost involved, in which case we must be satisfied 
with the success already achieved.” He (the 
speaker) took dozens of tubes and immersed them in 
solutions of ammonia and of mercurous nitrate, 
and no splitting occurred. Further evidence was 
therefore needed in regard to the splitting; the 
annealing of all tubes meant increased cost. 

Admiral Goodwin recalled that two years ago the 
possibility of removing internal stress in the tubes 
without unduly reducing hardness had come up in 
discussions. Dr. Moore and Mr, Beckinsale under- 
took the task of investigating the point, and the re- 
sult of their work was the present paper. He (the 
speaker) was not quite certain as to whether this 
result was practically going to be all that was 
wanted, but it would go a long way towards it. 
He congratulated the authors on their work and 
conclusions. Splitting occurred in the _ tubes, 
although it was not very frequent ; there were one 
or two cases during the war and these took place 
in circumstances of extreme difficulty. The 21 
cases of splitting out of a number of several million 
tubes might be in 21 different ships, and this would 
give an idea of the gravity the occurrence might 
assume. However, the number of condenser tubes 
which gave out for all causes was a very small one 
relatively ; in the majority of ships there was no 
condenser tube failure, but when this did occur it 
gave no end of trouble. There were occasionally 
“epidemics”’ of failures, both at home and in 
distant parts, such, for example, as in the China 
Station. He (the speaker) had great faith in 
Dr. Bengough’s remedy of pre-oxidation. Tubes 
were going to be treated both on Dr. Bengough’s 
and on the authors’ recommendation of low- 
temperature annealing in order to ascertain how 
they would stand up to their work. He was glad 
the researches of the Institute enabled the Navy 
to undertake these tests. In the meantime, since 
the authors and Dr. Bengough did not agree to- 
gether he thought they should work together in 
collaboration and arrive at a joint conclusion on 
the points in which there was difference of opinion. 
He asked how the pre-oxidising process could be 
carried out on tubes in lengths of, say, 15 ft. 

In the course of his reply, Dr. Moore expressed 
the view that Dr. Rolfe’s remarks had been 
answered by Admiral Goodwin. The authors’ 
treatment was not a very expensive one, and it did 
not decrease the strength of the tubes. The tests 
Admiral Goodwin had mentioned as going to take 
place would be of great importance as showing 
the value of the treatment and its freedom from 
drawbacks. 

This concluded the proceedings of the first day. 


Tae Rate oF CompBrinaTION OF COPPER AND 
PHospHorvs at Ve R1I0OUS TEMPERATURES. 


On the members reassembling on the morning 
of Thursday, the 9th inst., the first paper read dealt 
with the “Rate of Combination of Copper and 
Phosphorus at various Temperatures,” contributed 
by Dr. C. A. Edwards and Mr. A. J. Murphy. 
We shall reproduce it in abstract in a future issue. 

The discussion was opened by Dr. F. Johnson 
who said the importance of the subject was greater 
than was generally. imagined. Phosphor-copper 
was a most efficient deoxidiser; unsound copper 
could be made sound, or brittle copper could be 
rendered tough by a judicious addition of phosphor- 
copper, and a reliable method of producing the latter 
was welcome. For making small quantities of 
phosphor-copper, on a small scale, his (the speaker’s) 
method, which was very satisfactory, was by means 
of a tube of ordinary salamander placed inside a 
covered crucible and containing red phosphorus, the 
inside tube containing the red phosphorus being 
immersed in molten copper contained in the crucible, 
the phosphorus being made to pass through the 





molten copper surrounding the inside tube. The 
loss of phosphorus was very small. 

Mr. C. Billington said he had been making 
phosphor-copper for the last forty years com- 
mercially, with phosphorus content up to 16°5 per 
cent. There was risk and trouble in the manu- 
facture, and no chance of cheapening the product. 
He confirmed that it was a good deoxidiser. Phos- 
phorus in copper brought on brittleness. Tin was 
the metal used for hardening and phosphor-copper 
for deoxidising and obtaining a better alloy. 

Dr. F. C. Thompson. emphasised the great 
difficulty of the problem dealt with by the authors, 
and this should be borne in mind when considering 
their results. He asked for further information on 
the authors’ curve giving phosphorus content and 
temperature, in which they plotted their results and 
the corresponding results obtained by Heyn and 
Bauer, and in which, also, the dotted line pointed to 
a great solubility of phosphorus in the solid state ; 
this latter was higher than would have been ex- 
pected. The evidence for the compounds was not 
great, since the authors had queried them in the 
diagram in question. Notwithstanding this, their 
work on the theoretical side was very important. 
The formula they had quoted for solids dissolving 
in liquids held to some extent for many reactions, 
but he (the speaker) did not find that it applied in the 
authors’ case. They had shown that the more simple 
expressions were not sufficient for metallographic 
work, this was very important and on this point 
they were to be heartily congratulated. 

Dr. Edwards was sorry that Mr. Billington, in his 
remarks, had not elaborated on the dangers which 
attended the making of phosphor-copper. One 
of the objects they (the authors) had in mind was 
from a practical point of view to arrive at the 
temperatures which corresponded to the best work 
coupled with a minimum loss. He was glad to hear 
the complimentary remarks made by Dr. Thompson. 
The dotted line on the left side of the diagram which 
the latter had referred to as being the soluble 
phosphorus in the solid copper was only pro- 
visionally put there. They (the authors) did not go 
so far as was intimated, but would say that solu- 
bility was at least as shown by the dotted line. 
The line represented the composition of the solid 
which would be obtained on heating to the corre- 
sponding temperature for an indefinite period. 


Some Caszs or Farture rn “ Atuminium ” ALLoys. 


The second paper taken on Thursday was the one 
having the above title, by Dr. Rosenhain, which we 
reproduced on page 308 of our last issue. As will 
have been seen, its object was to point out that 
some alloys which underwent distortion and dis- 
integration of the kind illustrated usually consisted 
mainly of zinc and were not properly described 
when stated to be aluminium alloys. 

The discussion was opened by Dr. D. Hanson, who 
said he agreed with Dr. Rosenhain entirely, adding 
there was no desire at all to condemn zinc alloys 
absolutely, concerning which enough was known 
to heat treat them so as to avoid such disintegration 
as pointed out. 

Professor Turner directed attention to the analogy 
which existed between zinc-aluminium alloys and 
zine-copper alloys, both showing remarkable expan- 
sion under certain conditions. Dr. Rosenhain had 
rendered good service in pointing out that many 
alloys, called aluminium alloys, were not such, but 
zine alloys, and his remarks would remove some of 
the reproaches which had wrongly been cast on the 
former. 

Mr. Billington asked whether a cause of the dis- 
tortion was not the small percentage of tin present 
in the said alloy. 

Dr. Rosenhain, replying in the negative to Mr. 
Billington, said tin was not an advantage to the 
alloy and had nothing to do in the matter. It was 
true that heat treatment could be carried out, but 
heat treatment was expensive, and the alloy was 
used in the particular case because it was cheap. 
If heat treatment were ever contemplated, it would 
be better to leave the alloy referred to and take 
another one. 


Some MECHANICAL PROPERTIES OF NICKEL-SILVER. 


The third paper read dealt with “ Some Properties 
of Nickel-Silver,” contributed by Dr. F. C. Thompson 


and Mr. E. Whitehead. It formed a study of the 
effect which annealing at different temperatures 
and the different rates of cooling after annealing 
have upon the tensile properties, the Arnold alter- 
nating stress values, and the Erichsen values of 
hard-rolled alloys containing 10 per cent., 15 per 
cent. and 20 per cent. of nickel. All the tests 
showed the influence of the change which occurred 
at 300 deg. C., and, in addition, revealed another 
temperature range at about 550 deg. C., in which 
abnormal results were obtained. The best annealing 
range for the 10 per cent. nickel alloy was between 
725 deg. and 825 deg. C. ; for the 15 per cent. nickel 
alloy between 700 deg. and 800 deg. C.; and for 
the 20 per cent. one about 800 deg. C. Quenching 
from the annealing furnace had no markedly 
beneficial effect. One of the most remarkable 
features of the results was the high temperature to 
which the alloys could be heated without deteriora- 
tion, especially when the sample was protected from 
oxidation. The furnace gases played a very 
important part in the production of “ burnt” 
material ; this, incidentally, was a point in favour 
of the salt bath for this type of annealing. The 
Erichsen tests especially all showed remarkably 
good results, even after annealing at as high a 
temperature as 850 deg. C. 

The discussion was opened by Mr. F. S. J. Pile, 
who exhibited a number of samples, and emphasised 
an important point commercially, not covered by 
the paper, namely the surface which was obtained on 
the metal. Some of the samples he showed had 
similar Erichsen values, but some were found 
useless for commercial purposes owing to their 
surface. It was important to have the required 
Erichsen value, with ductility for undergoing the 
necessary drawing, and not to double the cost of the 
product by having to burnish to any great extent ; 
moreover, no amount of polishing would bring the 
metal to the requisite surface. Such subsequently 
polished metal, as a commercial proposition, was 
quite out of the running. The authors might not 
have come across this trouble which faced manu- 
facturers, namely, this necessity of obtaining a 
metal having the right ductility for working up, and 
at the same time the right surface also. He asked 
how the annealing was timed. If the authors could 
solve the difficulty he had alluded to, they would 
confer a service of very great value indeed to manu- 
facturers. Ifthe Erichsen value were much over 
11 there was this “‘ surface danger ” to be reckoned 
with. 

Mr. W. R. Barclay expressed the hope that the 
authors would continue their work, and the fear that 
there was danger in annealing to so high a tempera- 
ture as 800 deg. C. ; this seemed a very high tempera- 
ture, and one which might result in difficulties. 

Dr. D. Hanson asked for further information on 
the authors’ statements as to the existence of 
critical points at 300 deg. and about 550 deg. C., 
since although the one at 300 deg. C. was very 
marked, the other was not so marked ; also whether 
they had given attention to the question of the part 
that might be played by impurities, since he had 
found that even slight impurities might have a 
great influence. He noticed in the authors’ analysis 
that carbon, sulphur and iron were in appreciable 
quantities in the materials they used. 

Mr. W. B. Clarke found that the paper raised the 
old question of annealing, and added that he agreed 
with the remarks by Mr. Pile concerning the surface 
of nickel silver ; from his own experience he thought 
the non-ferrous metals industries would save very 
large amounts indeed by bright annealing all their 
products. Pickling and polishing accounted for a 
very high loss of metal, and this loss would not occur 
with bright annealing. But nickel-silver was 
difficult to anneal. The authors mentioned for 
this a muffle furnace; was this closed or open ? 
If open, with gas or coke-firing, there would be a 
large amount of scaling. If closed, great pains 
had to be taken that there be no cracks, for 
on an average muffle furnaces cracked, and unless 
the cracks were very carefully filled up curious 
results happened; the gas penetrated through the 
cracks, and in some instances he had seen the 
metal inside become quite rotten. There was also 
great difficulty in keeping carbon from crucibles 





entering the metal, and carbon had a great 
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effect on the properties ,of nickel-silver alloys. 
He (the speaker) painted the inside of the black- 
lead crucibles with a coating of very fine clay, 
this dried on and would stand at least one heat ; 
the carbon penetration in the metal was thereby 
reduced to a minimum. The authors had given 
the annealing times as 1} hours, 3 hours or 4 hours. 
Was that the total time at which the material 
was at the maximum temperature, or the time 
in the muffle, or the time to get up to the heat ? 
If the material were heated up quickly the result 
would be different from what it would be by heating 
up slowly. The authors embedded the metal in 
plaster of Paris; was this in the wet or in the dry 
state, and was it any better than sand or magnesia 
to prevent oxidation? Graphite might be used, 
but it made the work black. The authors’ figures 
for tensile tests of annealed series with 15 per cent. 
of nickel showed rapid variations from about 
300 to about 550 deg. C., and this would seem to 
point to some unstable condition of the alloy. 

Mr. Whitehead replied briefly to the discussion, 
and said that he was afraid the surfaces of the test 
pieces had not been very minutely examined. 
Their chief attention had been paid to arriving at 
the effects of annealing upon the mechanical pro- 
perties. In future work they would give the 
question of the surface all their care. With regard 
to the annealing temperature of 800 deg. C. which 
had been reckoned a too high one, this was justified 
by the results, namely, a greater ductility. In the 
matter of the critical points, they were quite well 
marked at the temperatures of about 300 deg. 
and 550 deg. C. As for impurities, the alloys used 
were essentially commercial alloys, and their degree 
of purity was that of everyday alloys ; some points, 
round 550 deg. C., might perhaps be due to impuri- 
ties, but he hardly thought so. By annealing at 
900 deg. C. probably volatilisation would take place 
to a small degree ; burning commenced at that tem- 
perature, but 800 deg. C. was a temperature that 
could be worked to. The muffle was open, but the 
metal was protected by plaster of Paris. The 
metal was placed in a tin box, on a bottom layer of 
plaster of Paris, the metal was then surrounded 
by the same material, the box being filled up with 
sand. An ordinary clay pot would not stand the 
temperatures, and he recommended clay pots such 
as those used for Sheffield steel. The annealing 
time was that during which the specimen was 
actually in the furnace; the muffle was heated up 
to 750 deg. C., the boxes put in the muffle and then 
the specified time was taken. For packing the 
metal, plaster of Paris was the only material used, 
sand serving to fill up the corners. Magnesia and 
graphite were not tried. 


A Furrner Strupy or THE ALLoys oF ALUMINIUM 
AND ZINC. 


The next paper, on the above subject, was con- 
tributed by Dr. D. Hanson and Miss M. L. V. 
Gayler. The work was undertaken with a view 
to investigating further the constitution of the 
phase known as delta in the diagram of Rosenhain 
and Archbutt. Preliminary experiments with alloys 
- containing 70 per cent., 60 per cent. and 50 per cent. 
of zinc, when slowly cooled to 284 deg. C., after 
prolonged annealing at 420 deg. C., and quenched, 
were found to be duplex in structure. The in- 
consistencies between these microstructures and 
those suggested by the existing diagrams led to a 
redetermination of the solidus from 81 per cent. 
zinc to 20 per cent. zinc. The results obtained 
differed appreciably from those of previous workers ; 
the line representing the peritectic reaction was 
found to extend up to a composition of 70 per 
cent. zinc, as against 40 per cent. zinc in previous 
diagrams. Microscopic examination of alloys, 
following special heat treatment, disproved the 
existence of the compound Al,Zn,;, and showed 
that the nature of the change in the alloys at the 
temperature of the horizontal line at 256 deg. C. 
in the Rosenhain and Archbutt diagram was identical 
with an ordinary eutectoid transformation; the 
decomposition of the beta phase leading to the 
“ pearlitic” structure commonly found in the 
alloys. Further work on alloys at temperatures 
below 256 deg. C. showed that the solubility of the 
alpha constituent in the gamma constituent 
decreased with the temperature. Alloys containing 








the beta constituent were found to possess the 
property of age-hardening spontaneously at room 
temperature after being quenched from above 
256 deg. C., while those containing the gamma 
constituent showed the property, but in a much less 
marked dégree. 

The discussion was opened by Professor Carpenter, 
who said he was interested in the paper as a teacher 
of metallography. For some years at the Royal 
School of Mines they gave the fourth year students 
a study of the diagram of this system. It 
various merits. The metals were reasonably cheap, 
and the diagram provided nearly every type of 
equilibrium that they could study. From time to 
time, however, as he went round the laboratory, 
students had shown him structures which he had 
been unable to interpret, structures in the part of 
the diagram with which the authors particularly 
dealt. He had always told his students that he 
did not consider the structures were capable of 
explanation by the diagram as it stood, and for that 
reason, those who were teachers at the Royal School 
of Mines were deeply grateful to the authors for 
having carried the diagram to a stage which even 
now he hesitated to say was the final stage. He was 
very relieved to see the disappearance of delta 
which had always troubled him in these explana- 
tions and it appeared that the equilibria of the 
system were now capable of definition in terms of 
alpha, beta and gamma ; he thought that was quite 
enough. @ There were one,or two points in the 
new diagram which were interesting. It was very 
remarkable that the peritectic reaction had been 
altered to so narrow a range ; it now occupied very 
little more than half the range it did in the former 
diagram. The points G and H were very close 
together, and he did not gather that the authors 
themselves had been able to separate them. The 
new eutectoid reaction by decomposition of beta 
was probably, on the whole, the most interesting 
feature, and the authors were quite justified in 
pointing out the remarkable analogy to austenite 
in its behaviour in quenching and subsequent heat 
treatment. The reaction in this case (the decompo- 
sition of beta to alpha plus gamma) was one of ex- 
treme rapidity, and in that sense was quite different 
from the martensitic decomposition which was, 
comparatively speaking, stable at ordinary tem- 
peratures. The only further information now 
seemed to be by X-ray analysis, and he did not 
know whether the authors proposed to do any work 
on these lines. He hoped they would, and that 
some definite information would be obtained as to 
the distribution of the atoms and the form of the 
space lattice of beta as compared with alpha and 
gamma. 

Colonel Belaieff endorsed the remarks made by 
Dr. Carpenter, adding that a point of importance 
was as to the eutectoid, and he asked whether micro- 
photographs of this, showing the size, were avail- 
able, and also whether it were possible to have an 
eutectoid of globular structure. He expressed his 
admiration for the very complete manner in which 
the authors had dealt with the subject and for their 
excellent illustrations. 

Dr. Rosenhain, in the first place wanted to say 
what the authors had refrained from saying too 
emphatically, viz., that the paper constituted what 
he might call an improvement on the diagram of 
the aluminium-zine system produced by Archbutt 
and himself some years ago. That was the 
kind of thing which, in the progress of scientific 
knowledge, was anticipated and welcomed, and there 
was the additional gratification that this new 
diagram which was certainly more perfect and more 
complete than his own—and regarding which he and 
Archbutt had felt a good deal of pride at the time— 
had been produced at the National Physical Labora- 
tory. The reason why the new diagram should be 
more perfect than the previous was owing to the 
advancement of the methods of studying alloys 
and obtaining equilibria. What was formerly 
regarded as a very slow rate of cooling would be 
regarded by the present authors as altogether 
inordinately fast. The authors dealt in months 
and weeks, whereas formerly other workers dealt 
in days and hours. They were able to work with 
devices like the thermostat described by Haughton 
and Hanson, and these had mainly rendered possible 











the researches described in the paper. The paper 
put on the scrap heap the diagram by himself and 
Archbutt. The important part of the authors’ work 
was the light it threw on the nature of the trans- 
formation which led to the hardening and tempering 
of these alloys, and it seemed to be strictly — 
to certain phases of the hardening process which 
occurred in carbon steels. In 1914 he (the speaker) 
put forward the explanation given in the paper, in 
regard to the hardening of carbon steels and other 
alloys hardened by quenching, and that had been 
well justified by the authors’ work. In the 
aluminium-zinc alloys they succeeded in quenching 
completely, i.e., in preventing the decomposition 
of the beta phase during cooling. In other words, 
the material behaved very much as steel behaved 
at ordinary temperature. Fortunately for engineer- 
ing, some of our important materials such as 
hardened carbon steel, happened to be stable at the 
ordinary temperatures at which they were used, 
otherwise we should find quenched steel first hard 
and then soft in precisely the same way as these 
zinc alloys. He wished to emphasise that aspect 
of the work because it was likely to react on a good 
many other branches of metallography besides the 
study of these alloys, which in itself was very 
interesting. 

Professor Turner congratulated the authors for 
the admirable work they had carried out, and said 
that fifteen years ago he had worked on the same 
zeries, because the diagram then given was such 
a simple one, There was now available another 
diagram which, perhaps, did not exhaust all the 
changes, but which certainly gave much more in- 
formation. It would also afford help in studying 
a large number of other alloys. Colonel Belaieff 
had referred to the difference in character of the 
lamellar and globular eutectics, and it would be 
interesting to know whether the authors had studied 
the point in connection with these alloys of alu- 
minium and zinc. It was worthy of consideration 
that the form taken by the eutectic was affected 
by surface tension of the two constituents. A very 
notable pi had been made at the National 
Physical Laboratory, and both the country and the 
industry were greatly indebted to it for this piece 
of most valuable work. 

Mr. W. B. Clarke referring to the authors’ analysis 
of the metal they used, asked what impurity came 
from the crucible, since this might have a great 
importance. 

Dr. J. L. Haughton asked the authors for informa- 
tion as to the Brinell hardness tests measured after 
quenching, and the time, as quoted in two tables 
of the appendix. No other data being given, one 
would take it that the specimens were removed, 
put to the room temperature, then in the testing 
machine, and 5 minutes for this since the quenching 
would seem justifiable. The first hardness figures 
quoted by the authors were obtained “ immediately 
after quenching,” and the next were obtained 


“15 seconds after quenching”; therefore the 
authors’ “immediately” must mean “imme- 
diately.”” He asked what was the time for the first 


figures, whether, probably, 3 seconds or 4 seconds. 
The point had an interesting bearing upon the 
authors’ other statement as to the age-hardening 
of the constituent beta; in regard to this con- 
stituent they say that hardness attains a maximum 
in a period of 5 minutes in the case of the alloy 
containing 81 per cent. of zinc and 6 minutes in that 
of the alloy containing 79 per cent. of zinc. He 
asked whether the load was left on for an appreciable 
time after the specimens were removed from the ice. 

Dr. Hanson, in replying to the discussion, said the 
“immediately after quenching” meant about 
2 seconds; it was a rather short time, but in this 
connection he called attention to a micrograph in 
the paper showing a specimen quenched from 
370 deg. C. and etched 1} minutes after quenching, 
this would point to the fact that the hardness 
numbers could be taken in about 2 seconds. The 
specimens were removed from the ice and the load 
kept on for 10 seconds, They had found that the 
hardness number depended upon the time the load 
was left on. Dr. ter had asked whether they 
(the authors) could separate the points G and H 
in their diagram of the system ; they could not give 
a definite composition for the points G and H, they 
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word decomposition in regard to the gamma phase ; 


this, however, was perhaps not wise since it was | pel 


not the same occurrence as in the beta phase. 
Dr. Carpenter’s explanation of a duplex structure 
applied to the authors’. He (the speaker) could not 
say if a definite globular eutectic was formed, but 
saw no reason why one could not be formed. The 
authors greatly appreciated Dr. Rosenhain’s re- 
marks, and he (the speaker) took that opportunity 
for stating that all through their investigations 
they had received great encouragement both from 
him (Dr. Rosenhain) and from Mr. Archbutt. If 
it can be shown that their (the authors’) present 
diagram of the system is not correct, they will be 
most pleased. They agreed with all Dr. Rosenhain 
had said in amplification of their (the authors’) 
remarks on age-hardening. 


Tue Assay or Gotp BULLIon. 


The last paper taken dealt with the “‘ Assay of 
Gold Bullion,” by Mr. Arthur Westwood. It was 
read in abstract by Professor Turner. In this the 
author suggests anew method of assay. The method 
now universally followed of assay by cupellation, 
inquartation and subsequent parting is very ancient. 
In the author’s method, the assay sample is not 
cupelled, but melted and balled up under steam or 
an inert gas. For the usual inquartation, copper 
was recommended instead of silver. 

Mr. Barrs, a visitor, said the method seemed to be 
a very simple one, and if the author gave a sketch to 
illustrate it, the paper would gain largely in interest. 

On the motion of the chairman all the authors 
received the thanks of the meeting for their con- 
tributions. 

The usual thanks to the Institution of Mechanical 
Engineers for the kindly loan of their premises 
terminated the proceedings. 





AMERICAN WARSHIP PRACTICE.* 
By 8. V. Goopatt, R.C.N.C. 


Tue title of this lecture calls for an apology, for it 
would be impossible in the short time available to give 
an account of American warship practice that would do 
justice to our friends across the sea. I shall make no 
reference to submarines or naval aircraft except to note 
that, so far, the United States authorities have deliber- 
ately refrained from extablishing a separate Air Force ; 

irships, vee yey flying boats and naval aeroplanes 
are produ by the United States Navy Department, 
produced with success, and with a single eye to the 
service of the Fleet. 

I shall deal first of all with recent American battle- 
ships, and principally with the U.8.8. Tennessee, the 
first vessel, in the opinion of United States officers, 
to embody all the principal lessons to be learned from 
the battle of Jutland general experience during the 
late war. In her main features this vessel resembles the 
— American battleships; the leading particulars are 
as follow :— 


Length on water line... 600 ft. 

Maximum breadth .. 97} ft. 

Draughtatnormalload 30 ft. 3 in. 

Normal displacemen 32,300 tons. 

Main armament .» Twelve 14-in. guns, in four 
triple turrets. 


Minor armament Fourteen 5-in. guns, in an 
upper deck battery. 

Four 3-in. H.A. guns. 

Two 2l-in. submerged 

io tubes, 

13}-in. belt over the main 
citadel reduced below the 
water line to a minimum 
thickness of 8 in. Onthe 
top of this belt is a deck 
34 in. thick. 

21 —? actually 21} on 


Protection 


Speed ... 


trials. 

Shaft horse-power $9,000 2 actually 30,000 on 

About 4,500 tons. 

About 12,000 sea miles at a 
speed of about 15 knots ; 
tais figure is given with 
some diffidence, as the 
estimate is based on pub- 
lished data after i 
due allowance for f 
consumption for auxiliary 


purposes. 

In looking at this ship the British eye at once would be 
attracted by her outs ing American characteristics— 
the lattice masts; the clipper i 
hawse pipe for the sheet anchor; the triple turrets 
with their flat roofs free of hoods or openings and pro- 
jecting long base rangefinders; the air intakes 


* Lecture delivered to the Portsmouth Engineering 
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engine rooms is taken ; the two boat-hoisting 
derricks and the long but narrow ing armour 
t. 

Of these features the lattice masts are perhaps the most 
striking. When first ad there is no doubt such 
a type of mast neatly solved the problem of i 
signal and wireless yards while leaving the deck free o: 
stays and shrouds and absorbing little weight, but it has 
not been al successful in ice. Its form is 
that of a hyperboloid of revolution built up of long 
hollow rods to a ring on the top deck. It does 
not lend itself well to supporting the heavy tops which 
have gradually been adopted for gunnery purposes in 
most navies. The attempt to add such fittings led to 
disaster in the U.8.8. Michi The fore mast of this 
ship buckled when the was rolling heavily during 
@ storm and co! with fatal lts to a ber of 
men. . Peace trials have indicated that it will stand up 
well against shell fire, but I am doubtful whether it is 











entirely shut off from the 
protected from the effects of a shell burst above, 
the hoists are not perforated. Below this 
com mt is the shell handling room. A number of 
shells are stowed on their bases on this platform, which 
is very close to the platform of the fixed structure 
sui ing the ring b . In the space just inside 
the ri ulkhead and between its stiffeners, the bulk 
of the shells are stowed ; these, too, stand on their bases. 
To transport these shells to the bottom of the shell hoists 
they are rotated on their bases through openings in the 
circular bulkhead of the mounting on to the handling- 
room platform and then parbuckled in a similar manner 
h the yo pee to the hoists. The turntable 

ex one di farther down to the magazine level. 
There is no revolving trunk extending down into the 
hold and there is no shell room. A few reserve shells 
are stowed below, but they can only be brought into 
the turret slowly when the mounting is not, being 


-house and is thus com- 
pletel 
pro 





















































































































































equal in this respect to the tripod mast. The method of . 
support is such that if the deck to which it is secured The guns are mounted very close together in inde- 
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were severely damaged the mast might go by the board ; 
this actually happened during some bombing trials of the 
old battleship Tienes. 

There are several interesting items of equipment which 
are not visible. The anchor and capstan gear is driven, 
as is the usual American practice, by electric motors. 
I witnessed the operation of similar gear in the New 
Mexico and was not very favourably impressed. The 
two motors have complicated arrangements for control, 
the gear is heavy and does not possess that degree 
of adaptability which is considered necessary in the 
British service. The steering gear is electro-hydraulic ; 
there are two main motors operating pumps of the 
Waterbury type which deliver oil into cylinders in which 
are rams connected to the crosshead. The motors are 
situated right aft in the a forward of the 
cunning gear. I saw similar gear in operation in the 
New Mexico, and considered it a very good arrangement, 
although in that ship there were various auxiliary 
methods for operating the rudder in the event of a break- 
down of the main motors or main electric leads which, 
in my opinion, involved unnecessary complications. 

One word about accommodation. Before I had any 
personal experience of American ships I held the view 
that in matters affecting comfort our ships came second. 
I no longer hold that view. In certain respects United 
States vessels are superior; they are provided with a 
laundry, a reading room for the crew, a ladies’ retiring 
room and ery for general messing; but in 
regard to space for both officers and men, icularly 
the former, in regard to ventilation, sanitary fittings and 
washing accommodation, we have nothing to learn from 
American practice. 

The 14-in. triple turrets of the Tennessee (see Figs. 1 
to 4) illustrate the latest American practice. The mounti 
is on the usual principle of a turntable inside an armo' 
barbette. Inciden’ the armour of the barbette has 
no i peal rr ind it so that weight and space 
are sa At the level of the upper er path is a 
complete deck recessed for the recoiling breech end, 





PLAN AT SHELL HANDING ROOM 


Fig. 4. 





pendent slides and the trunnions are close to the front 
shield plate. Loading takes place at a fixedfiangle. 
In the Tennessee, the maximum angle of elevation is 
30 deg. and depression § deg., but in the latest}ships 
T understand these angles are 40 deg. and 3 deg., respec- 
tively. To economise in width of turret the breeches of 
the guns do not rotate about a vertical but about a 
horizontal axis downwards. The gun is provided with 
aspring recoil. Each is se ted from the other by 4: 
longitudinal bulkhead which is, however, too light to be 
of any protective value. The rear of the gun-house is 
partitioned off to form an officer’s control position, the 
rangefinder is just forward of this bulkhead. The sights 
are below the guns; the roof is entirely free of hoods 
or o - 
The turret is trained by a 50-h.p. constant-speed motor 
driving, through variable speed gear, a hydraulic motor 
connected to the training pinion; the training rack 
and the lower roller path are formed out of the same 
casting. For elevating the guns, three 50-h.p. constant- 
speed motors are fitted which drive through variable- 
speed gear, hydraulic motors that operate the elevating 
screws; @ complicated arrang t of clutches and 
cross-connections is provided to enable any motor to 
elevate all three guns. Two 90-h.p. motors operate. 
through variable speed gear, the chain rammers and the 
powder hoists; each motor is of sufficient capacity to 
serve the or an The shell hoists are of the step- 
by-step t; are operated by a 60-h.p. motor. For 
most of the operations small auxiliary motors are in- 
stalled driven from storage batteries in the turret. 
Particular attention is directed to the stowage and 
supply of shells and ammunition. When ready {or 
action, a number of shells are on the loading tray and 
under the control officer’s station, some are in the hoist 
and handling room, while the remainder readily avail- 
able, are in the fixed structure. There are two shell 
hoists to the three guns, the supply for the centre gun 
prasee Mehind. Se wing gun thre h the longitudinal 
ulkhead. From the magazine to the powder-handling 
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room there are two cordite hoists; at this level the 
charges are transferred to the three hoists, one for each 
gun. 

In commenting upon these turrets a constructor finds 
it difficult to be impartial, From his point of view they 
are excellent. The absence of shell rooms and the high 
position of the magazines gives him an omneny to 
shorten the citadel and economise considerably in weight. 
In the case of the after turrets the problems arising from 
the conflicting claims of machinery and armament are 
eliminated. Space, and consequently important target 
area and weight, have been reduced toa minimum. The 
14-in. 50-calibre triple mounting, with guns firing shells 
of 1,400 lb. weight and having a muzzle velocity of 
2,800 ft.-seconds, is enclosed in an armoured barbette 
of 31 ft. internal diameter and the revolving structure 
(complete with shells) weighs only 980 tons. There is, 
however, another side to the picture. A price has to be 
paid for all these economies ; its total can be gauged 
from the following :— 

The trunnion is close to the front shield plate with 
the advantages of a small gun port and a reduction in 
barbette diameter, but with the disadvantage that a blow 
on the front plate may damage the trunnions and jam 
all three guns. The guns are very close together, with 
the advantages of small barbette diameter and less whip 
when a wing gun is fired, but with the disadvantage that 
to get at the trunnions for examination and overhaul, the 
front of the shield must be dismantled. Shells and 
cordite are close to the loading position so that time and 
power necessary for their transport are reduced, but the 
magazines are consequently imperfectly protected 


Fig5. 
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over this sits the centre gun. So far as I see it, that 
is the inherent difficulty and, in my opinion, clever as 
this design is, a sure and sustained rapid supply to the 
centre gun has not been provided. 

The question of accurate fire from triple turrets is a 
very complicated one. The old theory that the wing 
gun caused a jump which produced error in deflection is 
now seldom mentioned. I have actually measured 
this jump and it is quite small. When I was in the 
United States, the shooting from these triple turrets 
was not giving entire satisfaction, and the thasty then 
held was that the guns were so close together that the 
flight of one projectile was affected by the discharge 
from the neighbouring gun. To overcome this defect 
a short delay was arranged between the three discharges, 
but still the authorities were not thoroughly satisfied. 
The theory was then advanced that this delay was 
sufficiently long to affect the elevation of the neighbouring 
gun. Research on this matter was then proceeding. 

The next interesting feature in the Tennessee, the 
electric rae | machinery, is illustrated in Figs. 5 and 6. 
Steam is supplied by eight oil-fired Babcock and Wilcox 
boilers fitted with superheaters. Each boiler is accom- 
modated in a separate watertight compartment situated 
on the outboard side of the turbo-generator rooms, 
so that the steam pipe system is simple and direct 
and the danger of a failure in this supply is very remote. 
The boilers deliver steam at about 250 Ib. per square 
inch gauge pressure, with 15 deg. to 20 deg. of superheat, 
at the turbines. 

There are two engine rooms, each containing a turbo- 
generator kept cool by a separate fan. The main cons 
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against long-range fire. The method of shell handling 
may damage the fuzes, it may break down in a seaway 
and is dangerous for the personnel. Space has been 
saved by accepting only two shell hoists for three guns, 
with the result that supply to the centre gun is not so 
good as to the wing guns. The guns are light and long, 
but American officers have told me that they might 
accomplish more accurate shooting with a heavier, 
stiffer weapon. Then, again, reduced space has resulted 
in crowding the machinery which is more than absolutely 
essential, owing to duplications and stand-by fittings; 
as a result, it is difficult to examine and overhaul parts, 
and the personnel is cramped. A clear flat roof is a 
good feature, but the sights are in a very poor position 
and, in fact, for the forward turrets they would be useless 
in bad weather. 

Naturally, in studying these turrets the question 
arises, has electric power any advantage compared with 
hydraulic power, the use of which is time-honoured 
British practice ? It will be seen that there is no 
equivalent to the space necessary for taking hydraulic 
pipes into the mounting, and, of course, no provision 
has to be made in the vessel for hydraulic engines. 
On the other hand, the electro-hydraulic machinery in 
the mounting leads to the congestion already referred to. 
It is claimed that hydraulic power is more reliable and 
positive, and less likely to be adversely affected by the 
shock of firing or of impact from enemy projectiles. 
In my opinion a definite statement on this score could 
only be given by one with long experience of both 
systems. I have been present at oly two firings in 
United States battleships. In one case, the gun trials of 
Mississippi, careful observations were being made on 
the structure of the mounting and supports so that just 
before actual firing the various motors were stopped ; 
in the other ship, New Mexico, the noise of the motors 
and machinery was disconcerting, especially that from the 
loading motor near the officers’ control position. This 
ship, later on, got into very bad weather, and a good deal 
of water from seas breaking over the forecastle entered 
the foremost turret and damaged the elevating motors 
just below the gun ports. ° 

A few remarks on triple versus twin turrets seem 
desirable. If the fire from, say, six guns in two triple 
turrets were as accurate and rapid as that from six 
guns in three twin turrets, then there is no doubt that the 
former would be the better arrangement. The “too 
many eggs in one basket ” argument would be far out- 
we | by the economy in weight and space. The 
whole difficulty lies in designing the triple turret to give 
accurate and rapid fire. Almost naturally shell and 
ammunition come up the centre of the mounting, and 


denser is just below the turbine, and the main air and 
circulating pumps are also at this lower level, as well as 
various auxiliaries. In each engine-room on the upper 
flat are three 300-kw., direct-current generators driven 
by geared turbines. Two of these exhaust into their own 
condenser and one exhausts into the main turbine; 
this is the exciter providing the field for the main 
generator and current for all the engine-room auxiliaries 
necessary to the main propulsion, so that the main and 
auxiliary circulating and condensate pumps, the lubri- 
cating and governor oil pumps, oil cooler circulating 
mt and the main ventilating fans are motor driven. 
On the upper level is a booster for regulating the generator 
field. At each end of each engine-room is the main 
feed tank, situated rather high up, and the direct-current 
switchboard. The cables from the generators pass 
through the engine rooms to a control room containing 
the main switchboard and all the control apparatus. 

There are four main motors in three separate water- 
tight compartments. The motor is of the induction 
type and is wound for two speeds at full frequency, 
there being a 24-pole and a 36-pole winding. Each 
motor has mounted on the top of the stator a ventilating 
fan for keeping the windings cool. 

The main turbines are of the impulse-reaction type. 
Each is fitted with a specially designed hydraulic 

overnor to regulate the steam supply. This fitting is 

ifferent from that in the New Mexico; the only trouble 
experienced in that ship was due to the governor. 

At full power the generators, which are three-phase, 
run at about 2,000 r.p.m., and each develops 12,000 kw. 
at about 3,600 volts and 35 cycles. From full power 
(propeller revolutions 170 per minute) down to that 
giving the ship a speed of about 17 knots (propeller 
revolutions 135 per minute), the revolutions of the 

nerators and consequently of the motors, are reduced 

y reducing the steam supply; throughout this range, 
the motors are connected to the 24-pole winding. Below 
this s only one generator is required. From 17 down 
to about 15 knots the motors can be connected 
either to the 24-pole or the 36-pole winding, and 
speed regulation is again obtained by regulating the 
steam supply. For t economy at s low 
15 knots, the motors are connected to the 36-pole winding. 
At 15 knots the turbine revolutions per minute are about 
1,700, so that over a wide range of speed the turbines are 
running at high revolutions. 

Naturally the question arises :—How does this system 
compare with geared turbines? A thoroughly con- 
vineing answer to that question is difficult to give, for 
we have a battle cruiser with geared turbines, but no 
battleships; while the Americans have on service battle- 








ships electrically propelled, but no battle cruisers. 
A comparison between vessels of the same class is not 
possible, but data have been’ published concerning the 
New Mexico, and they can be compared with those from 
our Hood, When making this comparison, as a con- 
structor, I naturally ask first :—Does electric propulsion 
result in economy in weight ? And the answer is ‘‘ No.”’ 
The Hood’s machinery develops 2} times more shaft 
horse-power per ton than that of the New Mexico or 
the Tennessee. The second query is :-—Does electric pro- 
pulsion result ineconomy of space? Again the answer is 
“No.” The engine-room space in Hood is such that her 
machinery develops three times more shaft horse-power 
per square foot than that of these battleships. No 
advocate of the system can combat these figures. The 
very fact that electric propulsion has not been adopted 
for United States light cruisers and destroyers—vessels 
in which economy of weight and space are of paramount 
importance—indicates the limitations of the system in 
this respect. 

Now I come to the question of economy. Is the 
system so much more economical that, for a given radius 
of action, the extra weight of electric propelling machinery 
is more than counterbalanced by the smaller amount of 
fuel that has to be carried ? Again the answer is ‘“ No.” 
At full power the steam consumption for all purposes 
of HMS. Hood is about 0-5 lb. per shaft horse-power 
per hour less than that of U.8.8. New Mexico, at one-fifth 
full power about 0-2 lb. less, and at one-tenth full power 
about 1 Ib, less. Even if the situation in regard to 
economy were reversed to the same de , the 
argument for electric propulsion would still not be 
very strong, for heavy, bulky machinery must be heavily 
protected, while oil fuel need not be and can be stowed 
in spaces otherwise useless, 

What advantage, then, does the system possess ? 
One important one, Owing to the absence of mechanical 
connection between the shafting and the main engines 
it is promt to divide the vessel more minutely and 
provide greater safety. But, against this, the advocates 
of the geared turbine maintain that, under shell fire, the 
electric machinery is much more likely to suffer, and I 
must confess that, when I looked at the bare 'bus-bars 
and the large open ventilating trunks for motors and 
generators in the New Mexico, I conceded that point. 

On the score of reliability, ease of operation and 
repair, it is for the electrical and steam engineer to speak 
rather than forme. Both maintain that with either sys- 
tem :—‘ When everything goes all right, there is nothing 
to do, and if anything goes wrong—well, you can’t do 
anything.” Why, then, have the Americans adopted this 
system ? In reply, I make this suggestion. hen all 
engineers were looking for a solution to the problem of 
how to combine a fast-running economical turbine with 
a slow-running economical propeller, national traits 
became evident. I believe our marine and mechanical 
engineers always have been, and still are, second to none 
in turbine design and gear cutting ; they have perfected 
gearing and the turbine with its elements for economic 
performance at cruising speeds. On the other hand, 
electrical engineeri science has been more highly 
developed in the United States, and electric propulsion 
is consequently more suited to the American tempera- 
ment. Moreover, the situation of the United States and 
her possessions is such that American naval authorities 
attach great importance to radius of action. At the 
time decided in favour of electric propulsion, this 
system showed promise of such high economy, compared 
with the direct-turbine drive, that for this reason alone 
they were willing to adopt it; probably they did not 
foresee the possibility of similar economy through the 
adoption of mechanical gearing and improvements in 
turbines. 

I may be told that I have been unfair and should 
consider the promised performance of the United States 
battle cruisers. My answer is—I am dealing with 
accomplished facts. These battle cruisers do not exist. 
If they did exist, the comparison with our battle cruisers, 
which share the same scrap heap, would, I am sure, 
lead to the same conclusion. Anyhow, the figures I 
have given are sufficiently striking to justify a general 
deduction. 

The Maryland, Washington and Colorado, of the class 
following the Tennessee, will be the last capital ships 
added to tha United States Navy during the next ten 
years. They have practically the same dimensions 
as the Tennessee, and differ — 4 in the main armament, 
which consists of eight 16-in. 45-calibre guns in four 
turrets, 

Although the battleships of the ‘‘ North Carolina” 
class are to be scrapped, they are of interest as indicating 
the latest American ideas and practice. I became 
thoroughly acquainted with these designs when serving 
in the Bureau of Construction and Repair during the 
war, and, as far as I know, few modifications have been 
made since, but it is possible that the information 
I am giving is not absolutely up-to-date. Figs. 7, 8 and 9 
show the general arrangement of these vessels, of which 
the following are the leading particulars :— 


Length on water line 660 ft. 
Breadth... sie 105 ft. 
Draught... 33 ft. 
Displacement ion ... 43,200 tons. 
Armament ... Twelve 16-in. 50-calibre 


guns. 

: Sixteen 6-in. 

Four 3-in, H.A. 

Two 21-in. torpedo tubes. 

12 oil-fired boilers in 12 
boiler rooms. 

‘Two turbo-generators 
driving four motors. 

Shaft horse-power, 60,000. 

Speed, 23 knots. 


Machinery ... 
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The main armament is the most striking feature 
ofithese vessels. The gun itself weighs about 140 tons 
and the turret complete about 1,400 tons. It is easy to 
imagine how difficult is the problem of efficient support 
for such an enormous revolving weight. The gun 
a shell of 2,100 lb., with a muzzle velocity of 2,800 ft.- 
seconds, for which a full charge weighing about 720 Ib. 
is required. It will be seen from the drawings that the 
volume of propellant for 12 such guns involves a very large 
space for the main magazines. 

The general arrangement of the machinery is similar 
to that of the Tennessee, and the illustrations clearly 
indicate how electric propulsion has; assisted in the 
adoption of close watertight subdivision. The quadruple 
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funnel proposed for these vessels has already provoked 
remarks, but it is easy to see that, with the arr t 








accepted as a possibilit; 
which need not be feared as likely to put the ship out of 
action. Before and abaft the citadel is a heavy deck 
below the water line. This protects the torpedo rooms 
forward and the steering gear aft, and guards against 
loss of buoyancy and excessive trim by the bow or stern 
which might follow from damage to the ends by shell 
t fire at long range. 

The armour of the barbettes is as thick as the main 
belt, and the front plate of the gun shield is still thicker 
probably on account of its slope, which is such that 
normal impact is ae The turret roofs are 5 in. 


ends by shells is obviously a 





in thickness, and may more, as I have heard many 
United States officers express the opinion that nothing 


ARRANGEMENT OF COMPARTMENTS. 






conclusion that protection which is considered adequate 
to meet the attack of a 2,000-lb. shell descending at a 
steep angle should be adequate against the bombs 
which can at present be carried and which would’ have 
a smaller striking velocity. It should further be noticed 
that if the bomb explodes, as is likely, before it reaches 
the armoured deck, the damage would certainly be more 
spectacular than effective. I think it will be agreed that, 
until some new development in projectiles is forth- 
coming, this system of protection is thoroughly sound. 
The under-water protection of this ship, which is 
shown in Fig. 16, is similar to that of the Tennessee. 





It consists of a system of longitudinal and transverse 
bulkheads, the former being closely spaced about 3 ft. 
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less than 8 in. was sufficient. 


The conning tower is 





of boiler and engine rooms and the protection described 
later, it is much more desirable to \join the uptakes 
above the weather deck rather than »elow. Incidentally, 
the smoke is then emitted some distance away from the 
bridge and controls, and the shape of the funnel itself 
makes the vessel a poor mark for a range-taker. 
Protection against gun and bomb attack is shown in 
Figs. 10 to 15. It is evident from an examination of these 
illustrations that the opinion held by the designer is 
that the armour-piercing shell which is able to beat the 
belt or deck and explode behind is the type of projectile 
to be feared most ; hence the thick belt over the vitals 
with a heavy deck above it forming, with the heavy 
transverse bulkheads, a box which it is hoped is in- 
vulnerable. Below the heavy deck is a moderately thick 
deck to hold up shell splinters or fragments detached 
from the main deck. Light armour, to keep out shells 
containing large bursting charges, is conspicuously 
absent; the wrecking of the topsides and unprotected 





of the spindle type and is shaped like a lozenge, with the 
greater dimension athwartships, so that it is more likely 
to receive a glancing blow. 

A particularly interesting feature is the armour round 
the funnel uptakes and the trunk supplying air to boiler 
and engine rooms. The former is a feature of most 
modern United States battleships, and it was originally 
adopted to prevent a ship from being severely handi- 
capped by smoke from damaged uptakes escaping on to 
the living decks. It is obvious that a stronger reason 
for such protection now exists. The heavy deck might 
be useless under long range attack if the large holes for 
such purposes were not protected in some such manner ; 
a Sock shell might find this hole and burst well below 
the armoured deck. It would be just possible for this 
to happen at the air supply trunk, but the supply shaft 
is not vertically below the armour and the deck at the 
bottom is thickened up to guard against this ev lity. 

The illustration is entitled “‘ Protection against Bomb 
Attack,” because a little consideration should lead to the 
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apart and the latter staggered so that damage to one will 
not extend right into the inmost longitudinal bulkhead. 
The outer and inner of the five wing compartments are 
air spaces, and the three central compartments are oil 
fuel tanks. All the compartments are severely tested 
before acceptance, the pressure head for water test bein 

44 ft. Inside these bulkheads the main hull is we 

subdivided both longitudinally and transversely. This 
arrangement was adopted after an extensive series of 
trials on a | scale. It is evidently based on the 
pringiple of keeping the centre of disturbance a con- 
siderable distance from the bulkheads bounding important 
compartments and absorbing the energy by the pro- 
= rupture of bulkh and the compression of 

uid. 


This system is very economical in weight, but, in 
my opinion, it possesses several weak features. In the 
first place, the work and time involved in building are 
very considerable. Secondly, it is just possible that 4 
torpedo may find the weak spot where the oil tanks 


‘are empty. The answer to this criticism is that these 
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side tanks are those to be emptied last, and even if oil 
has been taken from them they can be filled with sea 
water. My reply is that human nature must be taken 
into account and filling oil fuel tanks with salt water 
gives trouble which an engineer officer would be tempted 
to shirk. Again the various fittings to these tanks, 
suctions, &c., involve perforations in the bulkheads 
and impair watertightness, and our experience during 
the war was that such fittings were the cause of an 
extension of flooding beyond that actually caused by the 
damage. What I consider to be the most serious 
objection is that the effect of an explosion would be to 
open.the middle deck to the sea with consequent loss of 
stability. 

The structural features of the design are shown in 
Fig. 17. After examining this figure those familiar with 
warship construction will realise at once that, for a ship 
of this size, scantlings have been cut to the bone. The 
framing is on the usual system for warships—a com- 
bination of the transverse and longitudinal systems. 
The lightened plate type of frame is that generally 
followed, the lightening holes, in certain cases, being 
flan, The main bulkhead stiffeners are very carefully 
designed. They are formed from a cut I-bar with 
double angles, the section being split at top and bottom 
and opened out to form the brackets. 

The armour is worked vertically and keyed at the 
butts ; hence the outstanding belt. This is an excellent 
feature, as was proved by our experience with H.M.S8. 
Lion in the D r action. The heavy deck is 
worked in two thicknesses, one strake forms the butt 
strap of the other, but in order to develop the strength 
of the total thickness, each plate is machined to a tapered 
scarph at the butt and rivets are fitted through the three 
thicknesses, The lower strake of this plating is nickel 
steel and the upper strake is what is termed “special 
treatment steel.”” This is a nickel chrome steel, which 
has received some comparatively inexpensive heat 
treatment ; it is co uently nothing like as costly 
as armour, but possesses ballistic properties approaching 
those of armour. 

(To be continued. ) 
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THE authors’ intention has been to pass quickly over 
the stereotyped part of this work, and to devote their 
description to the more unusual features. Since its 
foundation, Valparaiso has been the principal port of 
the West Coast of South America, but until the old 
Fiscal Mole was completed in 1883, it had no accommo- 
dation for shipping. The bay faces north, and is pro- 
tected from the ruling southerly wind, but is exposed to 
occasional winter gales from the north. In 1912 the 
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Chilean Government signed a contract with the firm of 
8. Pearson and Son, Limited, for the improvement of 
the port for the sum of about 2,500,000/. The contrac- 
tors opened up a quarry at Las Salinas on the eastern 
side of the bey. where they also established their work 
yards and built a loading jetty. Both timber and con- 
crete piles were used in the construction of the jetty, and, 
in spite of attempts at protection, the former were soon 
seriously weakened by the teredo. The piles were 

without interruption to traffic by surrounding 
with small iron cylinders which were filled with fine 
crushed stone and grouted up with cement. Special 
cranes for loading 2,000 tons of rubble per day into 
hopper barges, and a 60-ton Titan for blocks, were 
installed on the jetty; all these cranes were electric. 
Near-by was a block-making yard with electric travelling 
mixers, which had a capacity of 5,000 cub. m. month. 
Between this yard and the quarry was situated the stone- 
crushing plant. Workshops and a power plant of 
500 kw. capacity completed the — at Las Salinas. 

The difficulty in protecting the bay lies in its great 
depth and the unstable nature of the bottom, Experi- 
ments were made to determine the settlement to be 
anticipated under the weight of the proposed breakwater, 
as a result of which a blockwork structure was considered 
sufficient for the first 536 ft., but a design of mono- 
liths was considered more appropriate for outer 
390 ft. The blockwork section was founded on a rubble 
bank ti from hop’ to 16 ft. below mean sea level. 
The bl were set by a floating crane, and were sur- 
mounted by mass concrete and a parapet. Six monoliths 
were placed at the outer “= the pee ged each 
weighing some 12,000 tons. T i, depth of water 
reached is 148 ft. The monolith shells were built of 
reinforced concrete, and were specially desi to with- 
stand the stresses likely to arise in ing through 
winter with a temporary filling of sand. However, as 
the settlement after filling the first monolith did not exceed 
2 ft., it was decided to place the concrete 

ing in the remainder without waiting for the temporary 
weighting period. The actual settlement experienced 
did not differ greatly from those anticipated from 
e iment, 

After considering many schemes it was decided to 
build the monoliths in a temporary dock formed of steel 
pile cofferdams built behind the old Fiscal Mole. A 
24-in. centrifugal pump had to be used to lower the water 
in this dock, but once the steel piling was caulked, a 6-in. 
pump could easily keep it dry. Light Goliath cranes 
spanning the dock were used to handle concrete and 
shutte i The monoliths drew 25 ft. of water when 
undocked and were ballasted down to 39 ft. before 
setting. The first monolith had to be set as an island ; 
it was moored in position between the floating crane and 
a hopper barge, and sunk by admitting water thro 
valves provided for the purpose. By pumping out th 
compartments in turn the concrete filling was placed in 
the . The remaining monoliths were with 
the help of timber walings overlapping the monolith last 
set. ese wali were secured by heavy spri 
which absorbed the blows received from the monolith. 
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"| The monolith being set was held up to the preceding one 


by means of blocks and tackles. The joints between 
the monoliths were small, but in settling, one of them 
opened up to 18 inches; this was filled with concrete 
placed by a small bottom dumping skip. 

The quay walls were built of 60-ton Piocks on a rubble 
base. The Customs quay, 2,067 ft. long, was built by a 
60-ton travelling derrick. The Fiscal Mole, 1,214 ft. 
long, and the Prat Quay, 689 ft. long, were built by the 
floating crane. The draught alongside all the walls is 
39 ft., and the quay level is 13 ft. above mean sea level. 
The walls of the mooring jetty have not yet been built. 
The depth of water on this site reached over 100 ft., and, 
in tipping the bank of quarry rubbish and rubble which 
forms the foundation for the walls, large settlements took 
place, and the finished bank is now under observation 
to decide what t of superstructure to adopt. 

For the coal traffic a reinforced concrete pier was built, 
760 ft. long and 98 ft. wide, carried on cylinders also of 
reinforced concrete. Most of the concrete was built 
in sections in the yard at Salinas, and assembled with 
special cranes. A staging was built for sinking the 
cylinders, which were lowered into place by an - 
ment of hydraulic jacks, and sunk by grabbing. Piles 
were driven inside the cylinders. The mole is equipped 
with the railways and a granolithic pavement. 

The harbour front for 2,445 ft. east of the mooring 
jetty is built of monolith blocks founded on large rubble 
at a depth of 26 ft. Each monolith is 33 ft. long, 23 ft. 
wide at the base, and 31 ft. high. A small mass concrete 
superstructure bri the wall up to the quay level, 
13 ft. above mean low water. The reinforced concrete 
shells were built on the reclamation behind the new quay 
wall, and lowered into the water by means of a carriage 
and lift operated hydraulically. The lift platform was 
carried by large plate girders with one end resting on the 
quay the other on dolphins of timber piles. The 
concrete and shuttering were handled by two 5-ton 
cranes, and the capacity of the yard was three shells per 
month. The monoliths were set by means similar to 
those described at the breakwater, and sunk into their 
beds by placing a 60-ton block with the floating crane. 
Most of the joints were close, and none exceeded 8 in. ; 
the few which were 5 in. wide or over were stopped by 
means of a concrete pile. 

The reclamation to the west of the sea-wall just 
described was continued for a distance of 5,446 ft. by 
means of a rubble slope. This bank was built end on 
by a 16-ton derrick crane which could ~4 over 600 tons 
of rubble per day. The filling, where possible, was carried 
out by a suction dredger. 

The Minister of Finance, advised by a Port Com- 
mission, controlled the work of the Government. For the 
contractors, Sir Edward E. Pearson was the London 
director, and Mr. Arthur C. Walsh was in charge in 
Valparaiso, with Mr. W. F. Stanton as chief engineer, 
during the whole seven years of the contract, 





Tue Instrrvution or Etsorrican ENGINEERS.— 
A permanent wireless aerial has been installed on the 
1.E.E. building for reception purposes, The details are 
as follows: Span between strain insulators, 113 ft. ; 
down-lead from aerial to leading-in insulator (outside), 
63 ft.; down-lead from leading-in insulator to floor of 
lecture theatre, 44 ft. ; total down-lead, 107 ft. Effective 
length of aerial: Down-lead plus half span, 163-5 ft. ; 
natural wave-length (approximately), 200 m. 

AMALGAMATION OF SPANISH AND GERMAN INTERESTS, 

-The amalgamation of the Spanish company, Aceros 
Electro Rapidos, of San Sebastian, with a German 
(Cologne) combine, has been reported from a local source 
to H.M. Consul-General at Barcelona, says The Board 
of Trade Journal. The Spanish company owns metal- 
lurgical and machinery works, while the German group 
is engaged in railway wagon and material construction. 
The Spanish firm is stated to have secured contracts 
with the two largest railway companies in Spain for the 
repair of 200 wagons per month. 

Vussers Lost, ConpemMNep, &c.-—-According to 
statistics recently issued by Lloyd’s Register, the number 
of vessels lost, condemned or removed from the Register 
from other causes, during the quarter ended September 30, 
1921, was 107, and the total gross tonnage amounted to 
141,581, these figures including 65 steamers making 
119,662 tons and 42 sailing ships making 21,919 tons. 
The heaviest tonnage loss was suffered by the United 
States, the figure for that country being 31,502, com- 
prised in 16 vessels ; the ton , however, amounts to 
only 0°21 cent. of the total owned in the United States. 
The British losses during the quarter were lower both 
proportionally and actually, the tonnage lost by this 
country, viz., 24,192, representing 0-12 of the total 
ton owned in the United Kingdom ; the number of 
British ships removed from the Register was 15. Com- 
paratively, the losses of the British Dominions were 

ater than those of the Mother Country, the figures 

ing 22 ships making 19,884 tons and the remy 
amounting to 0-79 per cent. of the total owned by t 
Dominions collectively. The Japanese ships lost during 
the period numbered 7 and had a total tonnage of 16,434, 
which is 0-49 per cent. of the total, and the correspond - 
ing res for Italy, Spain and France are: 9 ships, 
10,767 "tons (0-41 per cent.); 5 ships, 8,858 tons (0-76 
i cent.); and 13 ships, 7,771 tons (0-21 per cent.). 

he only other country with losses exceeding 5,000 tons 
was Norway, the figures for that country being 5 ships 
making 7,027 tons, which is 0:27 per cent, of the total 
Norwegian to’ , but a single vessel of 5,758 tons, 
to which no ad been allotted, was wrecked. The 
above figures, it may be mentioned, include all losses 
reported up to February 4 of this year as having occurred 
during the quarter under consideration. 
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MACHINE TOOL PROGRESS. 

Progress in any modern machine shop is con- 
tinuous. New parts to machine suggest new methods 
of machining, and these in turn suggest better methods 
of carrying out older tasks. Improvements in steels 
and experience with new steels lead to new forms of 
tool and new ways of tackling various jobs. Progress 
which depends on developments of this kind is of great 
importance in improving quality and cutting down 
machining times, and is to a considerable extent inde- 
pendent from important capital expenditure on new 
machine tools. 

This particular form of progress is, as we have 
said, to be found in any modern machine shop, but 
naturally is likely to be found in its most advanced 
form in shops, the chief interest of which is concerned 
with machining methods rather than the production of 
some article, such as a motor car engine, which has in 
itself no direct relation to machine tool work. These 
reflections are suggested by a visit which we paid on 
the 9th inst. to the work of Messrs. Alfred Herbert 
Limited, at Coventry. That Messrs. Alfred Herbert 
have built up a leading position in machine tool 
practice in this country there can be no question, and 
it was of great interest to see a definite demonstration 
of a large number of the machining methods and 
machining appliances which they have developed over 
recent years. 

The visit was not in any way confined to new machin- 
ing methods and new machining appliances as dis- 
tinct from new machine tools, but it was these former 
aspects of the demonstration which chiefly impressed 
us. The whole of the material and methods shown were 
not new in the sense that they were novelties, and 
many of them have been dealt with in our columns 
in the past. They were all, however, developments 
of the last few years and collected together as they 
were for demonstration purposes they certainly illus- 





Fig. 1. ASiske wen Aa Wit 





' 
|(7297.A) ' 


trated in a very clear way the ability and enterprise 
which are keeping Messrs. Alfred Herbert in the front 
rank. In a sense the demonstration may be said to 
have been of a somewhat desultory nature, since the 
several appliances and various machining jobs which 
were exhibited had no immediate and direct relation 
to each other. This, however, was an inevitable 
feature of the scheme of the display and detracted in 
no way from its interest. It none the less renders any 
preparation of an account of the demonstration rather 
more difficult, since space will not permit of dealing 
with the various items in any considerable detail); and 
yet at the same time it is the details of say a capstan 
machine tool lay out which are of interest. 

In these circumstances we propose to select only 
some of the more striking methods and appliances for 
mention, and may first refer to a self-contained tool 
adjusting slide which was shown in use on Messrs. 
Herbert's No. 5 automatic. This machine was shown 
at the Machine Tool Exhibition of 1920, and was 
illustrated and described in our issue of September 10 
of that year, and we need not deal with it here. It will 
be of interest to mention, however, *iat an extra 
steady has been recently added to the machine. This 
consists of an horizontal bar projecting from the top of 
the headstock and entering a guide, carried by the 
turret, as the turret moves forward. The arrangement 
adds considerable extra stiffness to the machine when 
a heavy or irregular cut is being taken. The device is, 
of course, not new and is practically an application of 
the usual method of supporting the front end of a 
tool bar in a bush mounted in the spindle. This 
addition to Messrs. Herbert’s No. 5 automatic turret 
lathe interested us considerably, however, as we think 
even yet there is insufficient general appreciation of 
the importance of stiffness and good support in heavy 
and rapid machining operation. The ordinary back 
steady dates at least from the days of the first lathes 
which could be described as machine tools, and yet 
the obvious lesson that it conveys does not yet seem 
to have been appreciated by many builders of capstans 
and other modern machine tools. We commenced 
this paragraph by referring to a self-contained tool 
adjusting slide which was shown in operation on the 
No. 5 automatic. This consists of a screw operated 
tool holder working over a fixed slide. The whole 
arrangement is self-contained and is mounted on the 
turret as required for the job in hand. The advantage 
of the arrangement is that a fine and easily operated 
adjustment is made available for the tool during 
setting up and also subsequently in case of wear. The 
arrangement should be specially valuable for roughing 





operations with semi-skilled labour, and for more 
finished work in the hands of a skilled man. 

The next piece of work to which we may refer was 
the machining of a Lancashire and Yorkshire Railway 
locomotive piston rod on a No. 20 combination turret 
lathe. A sketch of the rod is given in Fig. 1 annexed, 
and views of the rod set up in the lathe are given in 
Figs. 2 and 3. The machining was carried out in two 
operations, the first being illustrated in Fig. 2 and the 





second in Fig. 3. The rod was turned from 4 in. bar 
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control over the farend. The rod is centred from the 
turret and is then turned down a short distance at the 
end to give a fair lead to the main tool which reduces 
it to 3 in. diameter in a single cut. The tool is carried 
in a box and the rod is backed by a roller steady. 
The machine took the heavy cut with apparent ease, 
and the job as we saw it was carried through in the 
21 minutes specified. The shaping of the 3} in. long 
tapered portion of the rod, of 3} jn. maximum diameter, 
which forms the piston seating, was carried out with 
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and the total machining time was 30 minutes, the first 
operation occupying 21 minutes and the second 9 
minutes. The two operations were, of course, carried 
out on different machines, and the times given above 
are not floor to floor times and make no allowances for 
the time consumed in removing the rod from one 
machine to the other. They also cover only the rough 
machining of the parallel part of the rod which is 
afterwards finished by grinding. It will none the less 
be realised that these machining times constitute a 
remarkable performance. 

The rod is turned from black bar, and is held in 
specially shallow chuck jaws so that the shape of the 
bar where it is gripped shall not exercise too much 





Seconp OPERATION ON LocomoTIvE Piston Rop. 


form tools from the cross-slide while the turning of the 
main body was in progress. This slide was not 
advanced until the turret tool had travelled forward 
on to the rod so that its free end was well supported. 
The final cut of the first operation formed the taper 
on the free end. This was carried out from another 
face of the turret. The second operation, consisting 
of the turning down and screwing of the other end of 
the rod in a second machine is adequately illustrated 
in Fig. 3 and need not be referred to in detail. 

The next item to which we would refer is illustrated 
in Figs. 4 to 7 opposite. This is a quite: novel 





method of cutting multi-threads or producing knurling. 
The device which is used. has been called a “ multi- 
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chaser’’ by Messrs. Herbert. It somewhat resembles | knurling tool is that it is a true cutting tool. A knurl- | 


a Fellows’ gear cutter and is shown in operation in 
Figs. 6 and 7, while diagrammatic drawings of it are 
given in Figs. 4 and 5. The chaser is mounted in a 
forked holder in such a way that it can rotate so that 
it operates to some extent like a worm wheel in contact 
with the work, which represents the worm. As will 
be seen from Figs. 6 and 7, the multi-chaser is set over 
at an angle from the vertical, the angle being equal 
to the helix angle of the thread to be cut. As can 
further be seen from Fig. 5, a portion of the cutting 
face of the chaser is above the centre line of the work 
and a portion is below. The portion below the centre | 
cuts, and the portion above acts as a guide. The chaser 
is driven by the work and rotates in mesh with it, | 
and when a slow traverse is put on, the threads can be | 
out in one pass. There is a thread-cutting system in | 
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ing tool, on the other hand, deforms the surface with 
which it is dealing rather than cuts it. In coarse 
knurling it is very difficult to produce sharp points to 
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Fig4. 











| knurling of these in the ordinary way was a heavy 
job, occupying about 1} hours, while a knurling tool 
proved capable of dealing with only one or two studs 
before it was destroyed. With the multi-chaser the 
job was completed in four minutes, The illustrations 
| given in Figs. 6 and 7 show the tool engaged in a 
knurling operation. The tool is‘ of course traversed 
first in one direction and then in the other. 

| Our remaining two illustrations, Figs. 8 and 9, 
| show a new form of universal vice fitted to a bench 
| surface grinder. This is a small but handy piece of 
| apparatus, which should prove valuable in the tool 
| room for all sorts of small form-cutter work, The vice 
|is also suitable for the grinding of Landis chasers. 
The details of the appliance will be fairly well under- 
| stood from the figures. As will be seen, the two pivots 
lat right angles give adjustment in two planes, while 
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existence which employs a cutter somewhat of the 
form of the multi-chaser, but in that case the cutter is 
driven through gearing. The multi-chaser, on the 
contrary, is driven by the work. 

_ We believe this tool has not as yet had any applica- 
tion to production work in connection with thread 
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the pyramids formed, and in any case very great 
pressure is required to do the work at ail. The 
linoleum rollers to which we have referred consist of 
tubes with comparatively thin walls, and would 
be destroyed by ‘any attempt made to produce 
the effect given by the multi-chaser with a knurling 


cutting, although there would appear to be possibilities | tool. Another example of which Messrs, Herbert 


in it of important development. It has, however, been 
used for knurling feed rollers for the linoleum trade. 
The advantage of the multi-chaser over the ordinary 


have experience is in connection with the knurling of 
large studs, which have to be roughened preparatory 
to being covered with insulating material. The 
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| slewing in the third plane may be obtained by setting 

the vice round on its base. he chaser, or cutter, is 
held by a small jaw pulled forward by an internal 
| screw in the upper pivot and controlled by the milled 
|head, which can be seen in the figures, Traverse 
across the grinding wheel is obtained by operating the 
| table of the bench grinder on which the vice is mounted. 
| Another new device, or set of devices, recently 
| introduced by Messrs. Herbert, and which was shown 
| in operation, takes the form of a speeder and de-speeder 
for drills, a new tapping attachment, and a new stud 
driver. The drill speeder steps up the speed of a 
drilling machine spindle by some five times, so that a 
sensitive drill having a top speed of 2,000 revolutions 
per minute may be stepped up to a speed of 10,000, 
the lower speeds, of course, being stepped up in pro- 
portion. The speeder is self-contained, light, and 
fits the taper of the drilling machine socket. It 
enables very small drills to be utilised on a sensitive 
machine efficiently and without danger of breaking. 
The arrangement should be particularly useful in 
connection with the somewhat miscellaneous collection 
| of holes which have at times to be drilled in a single 
| piece on a radial drilling machine. A machine capable 
| of tackling quite large holes may with the speeder at 
| once be made suitable for,drilling small oil holes. 
The de-speeder is the speeder reversed, It enables 
large holes to be drilled on small machines. Its chief 
| value will probably be tound to be in its suitability 
for garages and repair shops, in which the total work 
done will not justify a heavy drilling machine, but 
in which it is necessary at times to tackle a heavier 
piece of drilling than is usual. 

The tapping attachment we need not refer to in 
detail. It follows well-known lines and is a re-design 
in a very neat form of the tapper which Messrs. Herberts’ 
have previously manufactured. The studding attach- 
ment is, however, we think, quite a novelty. The stud 
to be driven is carried in a socket, or plunger, which is 
formed like a portion of a ball atitstopend. This ball 
surface bears against a transversely movable wedge 
when the socket is in position in its holder. The ends 
of the wedge work in a circular recess in the holder, the 
recess being eccentric to the hole in which the socket 
slides. The effect of the arrangement is that, as the 
driver comes down and begins to screw the stud into 
the work, the wedge is forced round and locks itself 
in the recess and so gives the drive, The arrangement 
is fitted with a reversing arrangement like a tapper, 
and when the stud is driven and pressure is eased off 
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so that the reverse comes into operation, the holder 
makes a partial turn without turning the socket. 
This releases the wedge, and the arrangement then 
unscrews itself from the stud, which is left in position 
in the work. A spring keeps the holder in the forward 
driving position re at rest, and all that it is necessary 
to do when using the device is to screw each stud in 
turn a few threads into the socket, bring it down on 
to the work, and lift the drill spindle when the stud is 
fully driven. 





PRODUCER GAS POWER PLANT. 

Tw our issues of February 3 and 10 (pages 142 and 160) 
we reported discussions, at Manchester and London 
meetings of the Institution of Mechanical Engineers, of 
a paper by Messrs. H. 8. Denny, C.B.E., and N. V. 
8. Knibbs, B.Sc., entitled “‘Some Observations on a 
Producer Gas Power Plant.” Many criticisms were 
made on these occasions, and as the authors had not the 
opportunity of meeting these in the time it was possible 
to allow them after the discussions, we give below an 
abstract of the more detailed reply they have com- 





municated for publication in the proceedings. This reply 
combines the discussion at both meetings. The follow- 
ing isa 


r. Fielden had stated that he thought the rated 
capacity of the producers was too high. The authors 
agreed, but the figure given was the maker’s rating. 
Circumstances preven a departure from recovery 
conditions, Mr, Fielden took exception to the i 
absorption method of calculating volume. The authors 
were unable to follow his objections. The method pre- 
supposed no definite relationship between volume and 
ammonia content, If the ysis of the gas were 
accurate and taken on a trul resentative sample, 
and if the total ammonia sulphate made (or acid used) 
were known accurately, the deduced volume must be 
correct. 

In roply. to Mr. Paton, the coal was not of a coking 
nature. The plant was operated under the conditions 
laid down by the bag ag for gasifying this same coal. 
They did not follow My. Paton’s calculation purporting 
to show that the whole of the gas would be required for 
steam mari no coal-fired boilers had been aes ge 
He found the steam employed to be equivalent to 
333 tons of coal, but assumed its use in boilers of 70 per 
cent. efficiency, whereas the actual efficiency was about 
45 pe cent., the same as the figure he took for -fired 
boilers, With regard to good yields of ammonia being 
obtained with a thin fuel bed, the coal was exceptionally 
good at that time, and possibly the results were to be 
attributed to that factor alone. Mr. Paton’s figures for 
the Moore producer were of great interest; but it was 
astonishing that the issuing gas should be at as low a 
temperature as 200 deg. C. 

Dr. Morley thought the evaporation from the exhaust 
boilers was higher than would be expected from the 
conditions of heat exchange. There was, however, 
good reason to believe that the recorded temperatures and 
mixture were substantially correct, whilst a few measure- 
ments of the boiler exit all showed temperatures of less 
than 400 deg. F. 

They regarded the coal used as a very good coal— 
very much better than the slacks which were said to be 
gasified in recovery plants. Nevertheless a coal con- 
taining a lower percentage of fines would undoubtedly 
furnish better results, They had pointed out in the paper 
as originally written that the extra steam required was 
just obtainable from efficient exhaust heat boilers. 
There would not, however, be sufficient to operate the 
auxiliaries in addition. With to Messrs. Bone 
and Wheeler’s results, they woul int out that those 
figures were obtained using a c of 13,900 B.Th.U. 
gross screened over 1 in. The carbon balance method 
could aay be applied to a test on one producer with 
special facilities for collecting all residues, &c., and they 
had no doubt that it was accurate in Professor Bone’s 
experiments. In a week’s test on a large commercial 
plant it was a very different matter. 

In regard to the formula criticised, Mr. H n stated 
that it was 300 per cent. in error, but he would appear to 
have forgotten the ,/ 10 in the denominator. The mano- 
meter used was an accurate one, and its readings had been 
compared with those given by a sensitive differential 
gauge before it was used in the tests. The pulsations 
were not large and the efror introduced by reading the 
damped h was taken into consideration at the time 
and found to be less than the error of measurement. 
Mr. Hodgson advocated the use of the Stauscheibe form 
of Pitot tube, and they were icularly interested in his 
remarks because Recknagel, Miiller, Rietschel and others 
had obtained rather varying results with this, which fact 
seemed to render its use uncertain. Doub a standard 
calibrated instrument would be accurate. The authors 
thought the Venturi tube was unsuitable for a producer 
gas carrying tar and soot, but for cold gas containing 
only light tar it would be quite suita le. 

Mr. Lymn had enlarged upon the of the plant, 
maintaining that its obsolescence made the figures value- 
less. It was, as he said, designed in 1907, but was not 
completed and put into ration until 1909, and was 
therefore only nine old, and not fifteen, at the time 
the tests were made (1918). The fact that a large power 
plant and very costly chemical factory were erected in 
1916-17 to be operated entirely by this producer plant 
scarcely that it was n regarded 
It is true that the plant was built primarily to produce 
ammonium sulphate, but it was not clear in what respect 
it differed from any other Mond plant erected about the 
same time, nor was the pre-war cost of over 60,0001. 
coupled with the recovery of only 76 Ib. of sulphate, 
when operated solely for the recovery of the latter, 
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eloquent of the designer’s success in keeping down capital 
cost without sacrificing sulphate recovery. 

Mr. Lymn had said it was strange that a plant built 
purely as a chemical factory should be chosen for a paper 
on thermal efficiency, but as that ‘‘ chemical factory ” 
had been selected to operate the largest gas engine 
installation in the country, the authors contended that 
the choice was a natural one. It was said that great 
strides had been made since this plant was built, but it 
must be pointed out that in 1900, in a paper read before 
the Institution, Humphrey imed a gasification 
efficiency (coal to cold gas) of 84 per cent. ; a figure which 
few would claim to better to-day. But in 1912, 
Humphrey published figures revealing a gasification 
efficiency of only 58 per cent. and a probable net effi- 
ciency of under 40 per cent. over a long period. 

The producer efficiency of 80-9 per cent. was the 
ratio of the om heat value of the gas as it left the 

roducer, including sensible and latent heat, to the gross 
ost entering it, and the 19-1 per cent. difference repre- 
sented heat lost by radiation from the producer alone, 
together with that equivalent to the carbon in the ashes, 
dust and tar. The plant was admittedly leaking in the 
latter part of 1918, but it was difficult to see in what 
other respect conditions were antagonistic as the makers’ 
conditions as to air saturation, &c., were closely adhered 
to 





The figures given by Mr, Lymn for an up-to-date 
plant, if they were maintained over a period by a large 
plant, marked the beginning of a new era in coal gasifica- 
tion, and the recovery of 100 lb. of ammonium sulphate 
and 24 gallons of low-temperature tar, together with a 
rich gas, might well be the despair of the supporters of low- 


temperature carbonisation, but such figures would need 


to be backed up by a full investigation carried out by 
some standardised method. They agreed that efficiencies 
should be quoted on the net thermal value of the coal, 
and they had explained why they used the gross value. 
From the analysis which they gave the net value could 
easily be calculated. It was over 12,000 B.Th.U. 

Mr. Nielsen thought the radiation from the producers 
accounted for 18-5 per cent. of the heat loss, but the 
figure included that represented by the heat value of 
the tar, dust, ashes, &c. The boilers were in the open 
air, but were well insulated and were not blowing at 
the joints. The main troubles were due to their bad 
lay-out, particularly in respect of the flue arrangements. 

The manometer read correctly to 0-01 in., usi 
verniers, and since that was between 1 per cent. an 
2 per cent. of the total reading it was sufficiently close. 
Under the conditions in which it was employed they 
considered the Pitot method accurate only to within 
about 3 per cent. or 4 per cent. They hardly thought 
that a producer plant should be considered as “ scrap ” 
after eight years. If such were the case the amortisation 
figure alone would be about 8,0001. per annum, or, say, 
4s. per'ton of coal gasified, even when operating 24 hours 
per day—more than the pre-war value of the coal. 
For a day load only the amortisation figure per ton 
would be 8s. or more. The Avery weighing machine, 
over which all the coal passed, was Soriotically checked, 
and it was never found to be inaccurate. The stock 
in the bunkers was large, but precautions were taken to 
see that it was the same at the beginning and end of the 
test week. In any case the record over a long period 
agreed with that of the one week, and none of their 
conclusions was based on the week’s test alone. The 
Lancashire boilers were part of the whole plant, and 
although they would have been rather ashamed to 
mention them if they had had anything to do with their 
= ty it was necessary to test them with the rest of the 
plant. 

The main criticism levelled at the figures presented 
was that they were based on the operation of an old 
plant which was now quite out of date and which was 
out of repair at the time the tests were made. The 
authors had not the slightest doubt that better results 
were obtainable, and if their ip were the cause of the 
publication of another giving full data on a better plant, 
it would be more than justified. They thought it 
probable that the striking results claimed by Mr. Lymn 
were obtained using | nuts free from dust and fines 
and unquestionably it was possible to do much better 
with such coal. Unfortunately, if such a good quality 
coal was to be employed, one of the chief claims put 
forward for Mond gas would have to be abandoned, 
namely, that low-grade fuel was suitable and economical 
to use, 

With regard to the suggested standardisation of the 
method of testing producers, they would suggest that the 
best method of measuring the volume of in. most 
instances would be to measure the air used for blowing ; 
using some type of orifice meter on the inlet side of the 
blowing fan. The volume of gas was then given by a 
comparison of its nitrogen content with that of air. 
An allowance would have to be made for gas losses, 
but that would in most cases be small. 





Motor Liresoat FoR BrrxHaM.—A néw motor life- 
boat, the “Alfred and Clara Heath,” has just been 
completed by the Royal National Lifeboat Institution 
for its station at Brixham, Devon. She is a self-righting 
lifeboat, 40 ft. by 10 ft. 6 in., is fitted with a Tylor engine 
developing 45 h.p., and is capable of a speed of 7} knots. 
She has been built out of a legacy generously left to the 
Institution by the late Mr. Alfred John Heath, Putney. 
er builders are Messrs. J. Samuel White, Cowes. She 
is the first of five sister boats of which the other four 
are nearing completion. The stations for which 
they are being built are Selsey (Sussex), Appledore 

(Isle of Wight) and Sennen Cove 


(Devon), Bembri 
(Land’s End). The Institution has now 32 motor 





lifeboats in its fleet of 241 boats. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Labour troubles have 
checked business just when home demand for Cleveland 
tater was improving, and foreign trade showed 
indication of expansion. The engineering crisis is 
viewed with no small amount of apprehension and, of 
course, @ continuance of the stoppage of work will have 
its inevitable effect on the iron trade. Mottled and 
white qualities of iron are somewhat less scarce, and are 
firmer in price. All other descriptions of Cleveland 
pig-iron are none too plentiful, and values are well 
maintained. Both for home purposes and for despatch 
to foreign destinations, No. 1 and siliceous iron stand 
at 95s8.; No. 3 G.M.B. is 908.; No. 4 foundry, 878. 6d. ; 
No. 4 forge, 82s. 6d.; and mottled and white are 75s. 
to 808. 


Hi —D d for hematite is hardly so good 
as it has been, but producers are quite comfortably 
pet. having fully disposed of their make over the next 
ew weeks, so that it is difficult to purchase for delivery 
before the latter of April. Nos. 1, 2 and 3 continue 
= at 100s. f.o.t. and f.o.b., and No. 1 is at a premium 
of les. 


Production of Pig-Iron.—Owing to continued un- 
remunerative quotations a blast furnace on Cleveland 
pig-iron at the Lackenby Ironworks is being damped 
down. On the other hand, Messrs. Samuelson have this 
week rekindled a second hematite furnace at their 
Newport Works. This makes the number of furnaces 
in operation on the North-East Coast 29, of which 
6 are producing Cleveland pig-iron, 14 hematite and 
9 special kinds of iron. 

Manufactured Iron and Steel.—in finished iron and 
steel there is absence of new development of moment. 
Manufacturers keep plant partially employed with 
difficulty, and quali the situation leaves a vast 
deal to be desired, but it is some gratification to learn 
that undercutting for foreign orders is somewhat less 
keen, and that there is a little more doing in sheets, 
while inquiry for constructional steel pt fad slight 
improvement. Foreign business can still be put through 
at substantially below the following rates which rule for 
home trade :—Common iron bars, 12/.; iron rivets, 
141. ; steel billets (soft), 71. 10s. ; steel billets (medium), 
81. 15s. ; steel billets (hard), 97. 5s.; steel boiler plates, 
141. 108. ; steel ship, bridge and tank plates, 101. 10s. ; 
steel angles, 101. ; steel joists, 10/. 10s. ; heavy sections 
of steel rails, 9/. 108. ; fishplates, 14/. 10s. ; black sheets, 
131. ; and corrugated galvanised sheets, 161. 


ect 





Foreign Ore.—Business in foreign ore is very quiet. 
Best rubio is round about 27s. c.i.f. 

aay I 
prices are slightly 
for average 


of coke is somewhat less scarce and 
easier, but nothing below 29s. is named 
last-furnace Durhams delivered. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The Engineers’ lock-out has made 
more pronounced the feeling of unsettlement in the local 
staple trades. The lock-out has so far been restricted 
to 4,000 members of the A amated Engineering 
Union in Sheffield and district. Extremists are trying 
to persuade members of kindred unions to “‘ down 
tools ” in sympathy, but so far the picketing of works 
has had little success. If, by the ballot which is pro- 
ceeding, the other unions concerned decide to support 
the peepmeted Engineeri Union on the main 
principle of management, lock-out notices will be served 
on 35,000 metal workers in the Sheffield area, and iron 
and steel production will be suspended completely. 
Meanwhile Sesinam is of a distinctly scrappy character. 
The only activity of any t is in h tite pig-iron 
for export, and in steel scrap. Electric steel 
have increased their output, and could do with larger 
to of turnings. Large stocks of these are held 
by merchants, who, however, are pressing for higher 
rates than now obtain. The continued failure of British 
railways to come forward with substantial orders for 
renewals is reacting unfavourably on the rail, tyre and 
spring departments. Competition in spri is particu- 
larly severe not only from foreign countries but from 
districts in other parts of this country. Rolling mills are 
working to about one-third of their capacity on hand- 
to-mouth orders, while failure to re expiring con- 
tracts has increased the seriousness of the position at the 
heavy forges and foundries. Minor orders for steel 
have this week been booked with India, South 

Africa and Australia, and inquiries for tools and light 
steel products are rather more numerous from the far 
Eastern markets, but on the whole there is a dearth of 
forward buying. The widespread extension of steel and 
engineering oy during the war is now reacting on 

ul 





— in the Iding trade. In all departments the 
is of output is far r than is necessary to meet 
current uirements. usiness in tools for ship- 


building and engineering purposes has suffered a further 
relapse owing to the current lock-out. Wide variations 
in quotations for ferro-alloys are due to the forced un- 
leading of stocks. Tungsten is being sold at less than 
the current cost of production. 


South Yorkshire Coal Trade.—A further contraction in 
home business is to some extent counterbalanced by the 
sustained improvement in the export demand for steam 
hards and blast furnace coke. Goad prions ane being 
paid for the latter, in some cases ranging to as muc 
as 5s. per ton above inland rates. The home industrial 
demand is exceptionally quiet. No improvement 1s 
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expected until the atmosphere has been cleared in the 
engineering trade. Gas companies’ requirements are 
smaller with the lengthening days, but there is still a 
strong demand for best quality house coal. Most of the 
local collieries have sufficient orders on their books to 
warrant the continuance of full time working. Quota- 
tions :—Best branch handpicked, 38s. to 39s. ; Barnsley 
best Silkstone, 36s. to 37s.; Derbyshire best brights, 
34s. 6d. to 35s. 6d. ; Derbyshire best house, 33s. 6d. to 
34s. 6d.; Derbyshire best large nuts, 288. to 30s. ; 
Derbyshire small nuts, 17s. to 19s.; Yorkshire hards, 
238. to 24s.; Derbyshire hards, 2le. 6d. to 228. 6d. ; 
rough ‘slacks, 14s. to 15e.; nutty, 8. 6d. to 10s. 6d. ; 
smalls, 2s. 6d. to 6s. 6d. 





NOTES FROM THE NORTH. 
Grascow, Wednesday. 
State of Trade.—The general trade throughout the 
country has lately been in a very dull state, and few 
industries have shown much sign of picking up yet. 
Orders all round have been poor and a want of con- 
fidence seems to prevail amongst ng ee Conditions 
have been bad enough lately, but now the outlook is very 
much worse through the lock-out in the engineeri 
trade, and with the — trouble in the shipbuilding 
trade not yet settled. It is barely a year since every- 
thing was dislocated through the dispute in the coal- 
mining industry, and if.the engineers and shipbuilders 
should both happen to be out of employment now for 
any length of time the results will certainly be very 
disastrous to the country. Everyone had high ho 
that before long business would be opening out and a 
general improvement would be perceptible, but quite 
a pessimistic feeling is all too prevalent this week. 


Scottish Steel Trade.—In the steel trade of Scotland 
there is very little business ing this week and the 
industrial crisis is having its effect already. Home 
buyers are quite out of the market now except for odd 
lots of stuff, and if the present labour trouble lasts 
for even a few weeks operations at the steel works will 
gradually get less. Many of the shipyards will shortly 
be out of gear owing to the withdrawal of members of 
the Amalgamated Engineeri Union, and the demand 
for plates has already ome less. Structural firms are 
quiet and black sheets for the home market are in poor 
request. For export, however, there is rather more 
doing, and there are also some quite satisfactory inquiries 
in the market. Prices show little or no change, and are 
as follow: Ship plates, 101. 10s. per ton; boiler plates, 
141. per ton; sections, 10J. per ton; and sheets, } in., 
111. 158. per ton, all deli Glasgow stations. 


Malleable Iron Trade.—In the bar iron trade of the 
West of Scotland there has been almost no change, 
and plant is moving very slowly. There are many 
sellers for anything on offer and keen competition is the 
order of the day. Production costs continue high and 
with the very keen prices often quoted the margin is 
at vanishing point, and the only excuse put forward 
is that the works are being kept moving. Inquiries from 
abroad are not very heavy yet, but show signs of improv- 
ing. The price named for “crown” bars is 111. 10s. 
per ton, delivered Glasgow, with export lots a shade 
easier, 


Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron is not appreciably better this week, and as in 
other industries the trouble in the engineering trade will 
not improve matters. Meantime hematite iron is slow 
of sale because of the dull state of the steel trade and 
foundry iron is also in poor demand. Export lots are 
far from satisfactory, and although hopes of improve- 
ment in that direction are prevalent there is so far little 
business going through. Prices are as under :—Hema- 
tite, 51. 7s. 6d. per ton, delivered at the steel works ; 
foundry iron, No. 1, 5. 2s. 6d. per ton, and No. 3, 
4l. 178. 6d. per ton, in trucks at makers’ yards. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Exports of coal from South Wales 
in February, according to official returns, amounted to 
1,125,643 tons, or 157,607 tons less than-in the previous 
month. Average prices, including contract quantities, 
were again lower at 28s. 4}$d. per ton f.o.b., a drop of 
38s. 1l}d. Shipments from iff totalled 786,773 tons, 
from Newport 236,642 tons, from Port Talbot 52,525 
tons, and from Swansea 49,703 tons. The ave 
declared price of coal exported from Cardiff was 25s. 4d., 
or le. 7d, less than in J ; from N rt 23s. 1ld., 
a drop of 3d.; from Port Talbot 25s., a fall of 38. 4d. ; 
and, from Swansea, 39s. 3d., a reduction of 10s. 4d. 
The heavy d r ded at Port Talbot and 
Swansea were the result of the slump in the demand 
for anthracite coals, Export from South Wales in the 
past week totalled over 528,000 tons, which is the | 
quantity ship; in any similar period of the past t 
years, but still 90,000 tons less the volume of trade 
touched in the corresponding week of 1913. It is re- 
ported that the Bombay and Baroda Railway have 
placed their order for 170,000 tons of Welsh coal with 
one firm. Delivery is to be made at Bombay or Karachi 
over the last six months of year, and it is under- 
stood that the business i 
46s. c.i.f. for best Admiralty 
Admiralty large. Basing th 
these prices are about ls. 6d. 
market -values. Meanwhile prices are firmly upheld 
on the basis of 27s. 6d. for best Admiralty large and 
19s. 6d. for best steam smalls. A number of collieries 
are fully sold for this month and into April, while some 
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have booked up orders for May delivery at current 
values. 


The Trade Depression.—The effects of the three 
months national coal strike and the trade depression are 
strikingly illustrated by the enormous decrease which 
has taken place in the profits of Welsh colliery companies. 
The reports of three important colliery owning com- 

anies for the eee ended December 31 last have just 
missued. That of D..Davis and Sons, Limited, shows 
that a profit of 33,6631. was made compared with 
221,088/. in 1920, while the dividend to ordinary share- 
holders has been reduced from 20 per cent. to 7} per 
cent. The profits of the Welsh Navigation Steam Coal 
Company, Limited, has been reduced from 129,535i. in 
1920, to 7,2881., and the dividend from 10 per cent. 
to 5 percent. The Cardiff Collieries, Limited, sustained 
a loss of 3,4711., which compares with a profit of 76,7531, 
in 1920, and the dividend of 20 per cent. was reduced 
to 10 per cent. Thus three companies show a decrease 
in their profits of 389,8961. 








BritisH Iron anp Steet Propuction.—The produc- 
tion of pig-iron in Febru amounted to 300,100 tons, 
a figure higher than has m reached in any month 
since the coal stoppage began, but less by 163,500 tons 
than the production of the corresponding month last 
year. The furnaces in blast at the end of February 
numbered 101, compared with 90 at the end of January 
and 193 at the end of February, 1920. Of the pro- 
duction of pig-iron in February, 101,800 tons were 
hematite, 90,100 tons basic, 69,000 tons foundry and 
20,000 tons forge. The production of steel ingots and 
castings in February amounted to 415,000 tons, com- 

ared with 327,500 tons in January and 483,500 tons 
in February, 1921. 





Tue LATE Dr. Inc. L. Sympxer.—Dr. Leo Sympher, 
who died last month, was an eminent hydraulic engineer, 
and one of the foremost pioneers of the modern German 
canal policy. Born in 1854 at Miinden, in Hanover, 
where the Rivers Werra and Fulda unite to form the 
River Weser, and where Papin’s first steam-propelled 
paddle-wheel boat came to gre in 1707, Sympher entered 
the Navy as a cadet, but had to leave it soon owing to 
defective eyesight. He then studied at the Technical 
High School in Hanover and joined the Prussian Govern- 
ment service as hydraulic engineer. He had a large 
share in the construction of the Kiel-Brunsbiittel Canal 
through Holstein, and his name was mentioned in our 
columns when we published the first technical descrip- 
tion of that canal. Later on he was mainly responsible 
for the project of the Rhine-Weser Canal, the building 
of which the war prevented, and for the varied negotia- 
tions this scheme involved. His dignified bearing con- 
tributed much to his success in negotiations. Emphasis- 
ing the importance of developing water power in connec- 
tion with canal construction he was also much interested 
in the South German Canal projects which have been 
promoted since the war. 


MANCHESTER ASSOCIATION OF ENGINEERS.—At a 
meeting of the Manchester Association of Engineers held 
on Friday, the 10th inst., Mr. William Fox, chief 
mechanical engineer for the Manchester Ship Canal 
Company, re @ paper upon ‘Some Engineering 
Developments in the Manchester Ship Canal.” In this 
he described the plant used in dredging and pumping 
operations, the 60-ton floating crane recently installed 
and the facilities provided for the handling of grain. 
The No. 2 grain elevator, he stated, was the most modern 
in the country and 40,000 tons of grain could be stored 
in the bins. The weight of the building and machinery 
above the ground (apart from the in stored) was 
120,000 tons. Many large ports with a much ater 
quay area handled far less tonnage, the density of traffic 
over the Manchester quays being quite exceptional. 
Several speakers, including Mr. E. Latimer, the managing 
director of the canal company, gave interesti re- 
miniscences of the inception and early stages of the 
project. Mr. J. P. Bedson said that a the men 
whose services ought not to be forgotten Mr. Daniel 
Adamson was pre-eminent, and it would be a fitting 
memorial of him if the Ship Canal Company called its 
largest dock the Daniel Adamson Dock. 





Miners’ WELFARE FunpD.—The committee appointed 
by the Secretary of Mines to allocate the fund constituted 
under Section 20 of the Mining Industry Act, 1920, held 
a@ meeting on February 28, under the chairmanship of 
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NOTICES OF MEETINGS. 


Tue InstirvTIon or Mecuanican ENGINEERS.— 
Friday, March 17, at 6 p.m., at the Institution, Storey’s 
Gate, St. James’ Park, 8.W. “ British and American 
Locomotive Design and Practice,” by P. C. Dewhurst, of 
Kingston, Jamaica, Member. 





Tue Royat Sanrrary Instirure.—Friday and 
Saturday, March 17 and 18, at 6 p.m., in the Public Hall 
(north gate entrance), Blackburn, when discussions will 
take place on “The Sanitation of Places of Entertain- 
ment,” to be opened by Mr. W. Allen Daley, M.D., B.A., 
B.8c., D.P.H., Medical Officer of Health, Blackburn, and 
on “The Conversion of Pail Closets,” to be opened by 
Mr. A. T. Gooseman, M.Inst.C.E., Borough Engineer, 
Blackburn. 


THe Association oF ENGINEERS-IN-CHARGE.—Satur- 
day, March 18, at 7.30 p.m., at St. Bride’s Institute, 
Bride-lane, Fleet-street, E.C. 4. Informal Discussion 
Evening to discuss ‘‘The Merits of Diesel and other 
Oil Engines for Industrial Work.” Visitors are invited 
to be present and take part in the discussion. 


Tae Braprorp Encineerina Sociery.—Monday, 
March 20, at 7.30 p.m., Joint Meeting with the Institu- 
tion of Mechanical Engineers (Yorkshire Association) 
in the Hall of the Bradford Technical College. Lecture 
Py Professor G. F. Charnock, M.I.Mech.E., on “The 
eat Extraction Engine,” illustrated by lantern slides. 


Tue Instrrvtion or Crvi. Enoingeers: YORKSHIRE 
AssooraTIon.—Monday, March 20, at 7.30 p.m., 
Students’ Meeting in the Hotel Metropole, Leeds, when 
Mr. N. K. Holmes, Stud.Inst.C.E., will read his paper 
entitled ‘‘ Modern Methods of Water Purification.’ 


Tue Royat Socrery or Arrs.—Monday, March 20, 
at 8 p.m.: Cantor Lecture, “The Constituents of 
Essential Oils,” by Mr. L. Guy Radcliffe, M.S8c.Tech., 
F.1.C., Lecturer in Applied Organic Chemistry, College of 
Technology, Manchester, (Lecture I.) Jednesday, 
March 22, at 8 p.m.: Ordinary Meeting, “The Late 
Mr. Holman Hunt’s Experiments on the Permanency of 
Artists’ Oil Colours,” by Professor A. P. Laurie, M.A., 
D.S8e., F.R.8.E,, H.R.8.A., Professor of Chemistry to the 
Sa Academy of Arts. Sir Aston Webb, K.C.V.O., 
C.B., P.R.A., will preside. Friday, March 24, at 4.30 
: Indian Section, “‘ The Indigo Situation in India,” 

y Professor Henry E. Armstrong, Ph.D., LL.D., D.8c., 
F.R.8. Sir Thomas Henry Holland, K.C.8.1., K.C.I.E., 
D.8c., will preside. 


Tue Instrrvtion or Crvin ENGiIngeers.—Tuesday, 
March 21, at 6 p.m. Paper to be read: “ All-Electrio 
Automatic Power Signalling on the Metropolitan Rail- 
way,” by Mr. William Willox, M.A., M.Inst.C.E, 


Tue Instirure or Cost anp Works AccounTANTS.— 
Wednesday, March 22, at 7 p.m., at the Hall of the 
Institute of Chartered Patent Agents, Staple Inn 
Buildings, Holborn. An address will be given by 
Sir Herbert Austin, K.B,E., M.P., on “‘ Costing at Long- 
bridge Works.” The chair will be taken by Captain 
H. Riall Sankey, C.B.,C.B.E., R.E.(Ret.), M.I.Mech.E. 


NorTHAMPTON ENGINEERING COLLEGE ENGINEER- 
inG Socrery.—Thursday, March 23, at 5.30 p.m. Paper 
on “ Electric Locomotives,” by Mr. R. E. Dickinson 


(London and North-Western Railway). 


Tux Instrrvtton or ExeorricaL Encrnerrs.—Thurs - 
day, March 23, at 6 p.m., at the Institution, Savoy Place, 
Victoria Embankment, London, W.C.2. Discussion on 
the “‘ Draft B.E.8.A. Specifications for Motor Starters.” 


Tue Instrrution or Locomotive ENncivgcers (Lon- 
pon).—Thursday, March 23, at 7.15 p.m. sharp, at 
Caxton Hall, a paper will be read by Mr. A. E. Howell, 
Member, Newcastle-on-Tyne, entitled ‘‘ Modern Pro- 
duction and Costing Methods as applied to Locomotive 
Engineers,” 

Tue Royat Instrrvrion or Great Brrraww.—Friday, 
March 24, at 9 p.m., an address will be delivered by 
Professor F. G. Donnan, C.B.E., D.Sc., F.R.8., M.R.I. 
The subject is ‘‘ Auxiliary International Languages,” 
Afternoon Lectures, at 3 p.m.: Tuesday, March 21, 
Sir Arthur Keith, M.D., LL.D. F.R.S., M.R.1., Fullerian 
Professor of Physiology, R.I., on “ Anthropological 
Problems of the British Empire: Series I.—Racial 
Problems in Asia and Australasia ’’ (Lecture V); Thurs- 
day, March 23, Mr. P. Chalmers Mitchell, C.B.E., I.L.D., 
a ., F.R.8., Secre , Zoological Society, on “The 





Viscount Chelmsford, at which the first allocations of 
money from the fund were made. Among the grants 
voted were 12,0001. to provide for ro a research 
work in connection with (a) miners’ safety lamps, both 
flame and electric; and (b) coal dust dangers; also 
the preparation of abstracts of research data both in this 
coun and abroad. The sum of 1,0001. was voted 
to research in connection with the control of 
atmospheric conditions in deep and hot mines. All 
these research activities will be carried on under the 

ision of the Mines Department. A t of 
3,0001. was made, on the recommendation of Joint 
Welfare Committee of Coalowners and Workmen for the 
Warwickshire District, towards the provision of addi- 
tional lecture room and laboratory accommodation at the 
Nuneaton County Mining School, where the existing 
i quite inadequate for the rapidly 
increasing numbers of miner students. On the recom. 


it} mendation of the Joint Welfare Committee for the 


Forest of Dean District, various smaller grants were 
made in aid of local recreational schemes, such as 
the equipping and laying out of cricket and football 
grounds, &c. 


as a Zoological Method ” (Lecture IT) ; Saturday, 
March 25, Sir Ernest Rutherford, LL.D., D.Sc., F.R.S., 
M.R.I., Professor of Natural Philosophy, R.I., on 
“‘ Radio-activity ” (Lecture IV). 





Tue Iwnstrrvtion or Eeorrica, ENGINEERS.— 
At the invitation of the committee of the Scottish Centre 
@ summer meeting of the Institution will be held at that 
centre from May 30 to June 2 next. The programme is 
substantially the same as that of the meeting arranged 
for last year (abandoned on account of the coal strike). 
Further information can be obtained from the secretary 
of the Institution, Savoy-place, Victoria Embankment, 
London, W.C. 2. 





Tue Inpusrriat Leacue anv Councin.—Mr. G. N. 
Barnes, M.P., the well-known Labour leader, will give 
an address on ‘“‘Some Common Fallacies in Trade and 
Industry ” at a meeting to be held at the Caxton Hall, 
Westminster, on Wednesday next, the 22nd inst. The 
meeting is one of a series arranged by the Industrial 
League andCouncil. The meeting will begin at 7°30 p.m. 
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Offices for Publication and Advertisements 
35 and 36, Bedford Street, Strand, London, 
W.C. 2. 

We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 








somewhat similar titles. 
TELEGRAPHIC ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 


TELEPHONE NumBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :-— 





For the United Kingdom ................ £3 5 0 
For Canada— 
Thin paper copies ...............-..00++ £2 18 6 
Thick paper copie..................000++- £3 3 0 
For all other places abroad— 
Thin paper copies........................ £3 3 0 
Thick paper copies.....................+.- £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for adverti: ts classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines 
or under, and one shilling per line up to one inch, 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received on the Friday previous to the day 
of publication. 


All accounts are payable to ENGINEERING, LTD. 
Cheques should be crossed ‘“‘ The National Provincial 
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THE ENGINEERING DISPUTE. 


Tue lock-out in the engineering industry has now 
been in operation for the best part of a working 
week, and it may thus be of advantage to set out 
as clearly as possible the position taken up by the 
two parties to the dispute, viz., the Engineering 
and the National Employers’ Federations, on the 
one hand, and the Amalgamated Engineering Union, 
on the other. This is the more important as it raises 
questions of national importance and of far-reaching 
effect on all industries and on our supremacy as a 
manufacturing nation. Indeed, in view of the abso- 
lute necessity for exports in order to secure supplies 
of food and raw material it is not too much to say 
that the attack which the dispute involves on the 
successful conduct of our factories for the production 
of manufactures to be shipped constitutes a menace 
to our influence as a State of world importance. 

Historically viewed, the trouble originated with 
the question of overtime, but the action which the 
employers have taken is not due to an overtime 
dispute. It has been rendered necessary by the 
union’s challenge of their right to retain the mana- 
gerial control of their works. With this in mind we 
may deal with the subject in the chronological 
sequence of the events. In September, 1920, the 
federations and the union entered into an agreement 
that no union workman should be required to work 
more than 30 hours overtime in any four weeks, 
subject to a proviso that overtime was not to be 
restricted in the case of breakdowns, repairs, 
replacements, alterations, trial trips, and the 
completion of work against delivery dates. This 
was not altogether a new agreement, because in 
1898 the employers had agreed to a maximum of 
40 hours overtime in any four weeks, which was 
reduced to 32 in 1907, and the effect of the agreement 
of 1920 was merely to reduce the maximum to 30 
hours in four weeks. The agreement was balloted 
upon by the members of the union, and was accepted, 
but immediately thereafter the Executive Council 
of the union issued instructions to their district 
officials that overtime was not to be permitted 
unless the representatives of the workmen had 
previously been consulted and had agreed to it. 
These instructions completely altered the whole 
position, as it raised a much wider issue than the 





if the | Sedoraltions 
had acquiesced in the position taken up by the 
union they would have abrogated the principle of 
the right to conduct the factory in accord with the 
requirements of industry. In effect, they would have 
given the union a right to veto overtime whenever 
they thought fit, and this might have led to further 
interference. The fact that the employers forebore 
to take drastic steps at the time is evidence that the 
present dispute is not one which affects merely the 
question of overtime. 

As a result of the Union’s instructions to their 
local officials, much local friction occurred, and 
prolonged negotiations ensued between the federa- 
tions and the union. In November, 1921, it became 
apparent to the employers that the real aim of the 
union was to secure a right of controlling managerial 
functions and a right of vetoing managerial acts 
when they thought fit to do so. The issue was 
accordingly raised by the union to one of funda- 
mental importance. The employers, feeling that 
their whole position was at stake, took up the 
challenge and made it plain to the union in the pro- 
longed discussions which ensued that they could 
not relinquish the managerial control of the works 
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incidental question of overtime. 


5| or permit the union to have a right of veto. They 


were perfectly willing to discuss with the union any 
objections which might be raised to any managerial 
acts, but they could not allow the management of 
the works to be hampered or impeded by anything 
in the nature of a veto on the part of the union. 
In other words, proposed actions of the management 
were not to be delayed until the unions agreed to 
them, but were to be proceeded with unless and 
until the employers agreed in conference with the 
union to give effect to any objections or representa- 
tions on the part of the union. 

At a conference on November 17 and 18, 1921, 
after matters appeared likely to come to a climax, 
the position was eased by the executive council and 
the national and divisional organisers of the union 
agreeing to recommend to their members an agree- 
ment. The general clauses laid it down firstly 
that the trade union shall not interfere with the 
right of the employers to exercise managerial 
functions in their establishments, and the federa- 
tions shall not interfere with the proper functions 
of the trade union; secondly, that in the exercise 
of these functions, the parties shall have regard to 
the provisions for avoiding disputes of April 17, 
1914, which are amplified by the shop stewards and 
works committee agreement of May 20, 1919, and 
to the terms of other national and local agreements 
between the parties ; and thirdly, that instructions 
of the management shall be observed pending any 
question in connection therewith being discussed 
in accordance with the provisions referred to. 

As regards the question of overtime, the terms 
were equally explicit and mutually acceptable. 
“It is agreed that in terms of the overtime and 
night shift agreement of September 29 and 30, 
1920, the employers have the right to decide when 
overtime is necessary, the workpeople of their 
representatives being entitled to bring forward under 
the provisions referred to any cases of overtime they 
desire discussed. Meantime, the overtime required 
shall be proceeded with.” 


The provisions for avoiding disputes referred to 
in the agreement constitute a code of procedure 
whereby questions in dispute between the parties 
may be discussed first of all locally and, if need be, 
in central conference between representatives of 
the federations and representatives of the union. 
In the agreement the employers had maintained 
their position, and for the moment all seemed well. 
The agreement had to be ballotted upon, however, 
by the members of the union, and unfortunately 
the men turned down the recommendation of their 
executive council and national and divisional 
organisers. There was no haste about the ballot, 
the agreement is dated November 18, 1921, and the 
ballot was not declared until January 27, 1922. 
The employers say there is now, therefore, a clear 
issue between them and the union, viz., whether 
the employers have the right to exercise their 
managerial functions, or the industry is to be 
carried on under dual control or subject to a right 
of veto by the union. 

Turning to the statement of the union’s case 
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issued yesterday by its Executive Council, the first 
point which strikes us is that it confirms the 
employers’ statement that the dispute is over the 
question of managerial rights. The union say : 
“The present dispute has been brought about 
by the employers insisting on managerial rights. 
The right they claim is the right to enforce overtime 
and other working conditions without consultation 
with the union’s representatives,” The second 
part of this quotation is clearly an over-statement, 
because (1) the references in the memorandum of 
the conference of November 17 and 18, 1921, to 
the provisions for avoiding disputes, show the willing- 
ness of the employers to confer with the unions, and 
(2) the Executive Council proceed to state that the 
unions want consultation before grievances arise, 
and the employers offer discussion after grievances 
arise. It seems clear from the union’s own state- 
ment that they claim that acts of management of 
which they may not approve are not to be carried 
out until they have been consulted and have agreed 
to them. The statement commences by referring 
to the agreement of September, 1920, limiting 
overtime to 30 hours in four weeks. It states 
the interpretation put upon the agreement by the 
union executive that there must be joint consulta- 
tion between the management and the local union 
officials before overtime on production work is 
worked; that the employers challenged that 
interpretation and intimated in April, 1921, that 
if the union adhered to it they would be compelled 
to dispense with the services of the members of the 
union; that nevertheless the employers delayed 
taking such a drastic step; that eventually, on 
November 17, 1921, the Executive of the union 
agreed to recommend their members to accept the 
memorandum which we have quoted ; that a ballot 
of 20 per cent. of their members was adverse to 
the recommendation of their executive, and that on 
February 17, 1922, fourteen months after the over- 
time issue was first raised, the employers announced 
their resolve to lock out the members of the union 
on March 11, 1922, and at the same time published 
their intention to bring under review not only 
the question of wages and working conditions, 
but the whole question of their relations with the 
workers. 

Having dealt with these facts the union’s state- 
ment proceeds to what we can only term special 
pleading. They say that the employers are seeking 
to misrepresent the causes of the dispute; but as 
we have already indicated, the cause of the dispute 
appears plain from the statements of both parties. 
The union state that the employers are not only 
seeking to limit the rights of trade unions to safe- 
guard and promote the legitimate rights of their 
members, but, in order to advance their own interests 
are encouraging men to desert from the Amalga- 
mated Engineering Union. This the employers have 
categorically denied. The union states also that 
the employers reject the men’s claim to consultation 
in advance regarding questions of overtime because 
it would interfere with the rights of management, 
and they maintain that the employers’ real reason 
is that they are determined that the men shall have 
no voice whatever in deciding questions of over- 
time on production work. If that were so the 
employers would scarcely have agreed with the 
union in 1920 to restrict overtime to 30 hours in 
four weeks. 

One question which the union do not deal with 
in their statement is the vital question how the 
management of the works is to be carried on if, 
before the management act, there must be prior 
consultation with the union officials. In all indus- 
tries questions of management must be decided 
promptly as soon as they arise, and it seems to us 
that the union’s claim to prior consultation clearly 
amounts to a negation of the right of management, 
and involves dual control to which the employers 
could certainly never agree. 





THE NAVY ESTIMATES. 
ALTHovGH the estimated naval expenditure for 
the year 1922-23 shows a net reduction of 
17,595,3001., or over 21 per cent. in comparison 
with that for the current year, the total sum re- 
quired, viz., 64,883,7001., still exceeds that con- 








National Expenditure by nearly 5,000,0007. More- 
over, the economies proposed by the Geddes Com- 
mittee did not include those rendered possible by 
the Washington Conference, which are included in 
the Admiralty’s estimates and have had a material 
effect in reducing them. For instance, had the 
four new battle cruisers been proceeded with, sums 
of 10,557,8001. and 1,259,0001. would have been 
required during the ensuing year for the construction 
of those vessels and their armaments, respectively, 
whereas the two ships to be constructed in accord- 
ance with the Conference agreement will not be 
commenced until shortly before the end of the 
year, and the total sum allowed for them is only 
721,5001. 

To adjudicate effectively between the divergent 
views of the committee and the Admiralty as to 
the exact amount of naval expenditure to be allowed 
would involve a wider knowledge of facts and 
circumstances than is available to the general 
public, and that being so it would appear to be 
necessary either to accept the figures of the Admi- 
ralty or to have them investigated further by some 
competent authority. It must be remembered, 
however, that it is the Admiralty who are responsible 
for carrying out the naval policy of the Government, 
and they estimate the above-mentioned sum as the 
absolute minimum with which that policy can be 
pursued. In the explanatory statement accom- 
panying the estimates, the First Lord states that 
drastic economies and consequent risks have been 
accepted which can only be justified on the assump- 
tion that the British Fleet will not be engaged in 
any great war for many years to come. This 
assumption, of course, is only possible in view of 
the improved international situation, and even so 
is only warranted on account of the existing ex- 
treme financial stringency. It must also be under- 
stood that certain of the proposed economy measures, 
especially those connected with fuelling facilities, 
cannot fail to affect the efficiency of the Fleet. 
These must certainly be regarded as of a temporary 
character only, and be abandoned as soon as the 
financial situation becomes easier, since it is obvious 
that in the future our reduced Fleet must be main- 
tained at an even higher standard of efficiency 
than has been necessary in the past. 

Coming now to the actual economies to be 
effected as set out in the First Lord’s Memorandum, 
we note that the present estimates provide for a 
reduction of the personnel of the Fleet from 118,500 
to 98,500 during the ensuing financial year. It is 
also stated that in addition to the 20 capital ships 
to be scrapped in accordance with the Washington 
Treaty (9 of which have already been disposed of) 
it is intended to scrap the battleship Collingwood, 
and to put the battle cruiser Renown into reserve 
on her return to this country with H.R.H. the 
Prince of Wales. The main Atlantic Fleet will then 
be composed of one fleet flagship, two divisions of 
four battleships each, and two battle cruisers. 
The Mediterranean Fleet consists of only four 
battleships, and the Admiralty state that they are 
satisfied that the total number of capital ships 
to be retained in commission is the minimum 
necessary for training the personnel. The number 
of light cruisers attached to. the Atlantic Fleet 
will not be reduced since some of these vessels 
are frequently detached from the Fleet for long 
periods on special duties, but the light cruiser 
strength of the African Squadron will be reduced to 
two ships by keeping the Birmingham in reserve 
at home. With regard to destroyers, it will be 
remembered that one of the flotillas belonging to 
the Atlantic Fleet was reduced to two-fifths comple- 
ment last year for reasons of economy, and with the 
same aim only, another flotilla is now to be similarly 
reduced. This will bring the number of destroyers 
in full complement with the Atlantic Fleet down to 
40, which is considered to be the minimum possible 
for carrying out fleet exercises and training officers 
and men. From the local-defence flotillas, already 
on a reduced complement, another 23 destroyers 
will be put to reserve. Of the 85 submarines 
previously maintained, it is now proposed to abolish 
27, and the number kept in full commission will 
be reduced from 46 to 40 by keeping six vessels 
of this class in reserve on the China Station. 








Dealing with the votes seriatim we note that 
15,822,000. is required for pay, 5,827,000/. for 
victualling and clothing, 529,000/. for the medical 
services and 285,000/. for civilians employed on 
fleet services. In comparison with the current 
year, these four votes show an aggregate reduction 
of 4,781,5001., which is largely due to the reduction 
in naval personnel above referred to, but is also 
affected by the fall in the cost of living which has 
enabled the men’s marriage allowance and other 
similar allowances to be reduced. For education 
and the scientific services 397,500/. and 395,000/. 
are required, respectively, the two votes together 
being lower by 122,000/. than those for the current 
year. A considerable part of this saving has been 
effected by reductions in the cost of the} Royal 
Naval College, Dartmouth, and by increasing 
the fees payable in connection with the entry of 
cadets . 

The cost of the naval reserves, viz., 552,300I., 
will be 28,3001. lower than has been the case this 
year, but that section of Vote 8 relating to dockyard 
personnel shows a saving of 3,849,800/., the figure 
for the ensuing year being 7,995,800/. This vote 
provides for the discharge of over 10,000 men from 
the dockyards at home and abroad, but Rosyth is 
the yard most affected, it having been decided to 
place this establishment on the footing of a docking 
yard only. Chatham Dockyard will be retained, 
and, for the present, it has been decided not to 
reduce Pembroke further than was announced last 
year, i.e., to a strength of 1,200-men; Gibraltar 
Dockyard will, however, be considerably reduced. 
It is pointed out that the dockyard reductions 
involve the delay or abandonment of much important 
work and are made only as a temporary measure to 
tide over the present financial situation. Section II 
of Vote 8, relating to matériel, amounts to 7,246,0001., 
and shows a net reduction of 4,837,500/. in com- 
parison with the corresponding figure for the 
current year. The saving is due to the fall in prices 
of oil fuel and coal, and also to administrative 
action of a drastic nature. The allowance of fuel 
for the Fleet has been cut down to a minimum, and 
a number of fleet auxiliaries normally employed 
on fuelling work will be laid up; existing coal 
reserves will also be drawn upon to a large extent. 
It has also been decided to delay the progress with 
the scheme for providing oil fuel reserves at various 
bases abroad and the expenditure for this work will 
be reduced by 500,000/. This is obviously a serious 
step since the mobility of the chief units of the 
Fleet is at present considerably restricted by the 
absence of oil-fuelling bases. 

The remaining section of Vote 8, relating to 
contfact shipbuilding amounts to 3,341,5Q0/., which 
is 2,304,700/. less than that for the current year, 
while the separate vote for naval armaments, which 
stands at 5,088,8001., shows a reduction of 1,837,2001. 
We have already pointed out how these two votes 
are affected by the cancellation of the orders for 
the four battle-cruisers, and the substitution for 
them of the two smaller vessels in accordance with 
the terms of the Naval Treaty of Washington. 
Large reductions in the vote for armaments have 
also been effected by deferring the overhaul and 
reconditioning of surplus stocks of ammunition, 
by decreasing the reserves of mines and depth 
charges and by delaying the completion of the 
equipment of the Fleet with armour-piercing shell. 

The estimated expenditure on works, buildings and 
repairs has been reduced to a minimum by restrict- 
ing it almost entirely to those works actually in 
hand, the stoppage of which would involve con- 
siderable expenditure for compensation or for 
reconditioning sites, and to those works which can be 
completed at a comparatively small cost. Other 
expenditure is unavoidable in cases which involve 
the safety of structures or the usability of docks, 
wharves or important machinery. In certain 
cases also the Admiralty is committed by legal 
obligations, and a minimum allowance must, of 
course, be made for ordinary repairs and main- 
tenance. The total sum required under this heading 
amounts to 4,273,0001., and the reduction 15 
1,573,6007. . 

The remaining votes are as follows: For miscel- 
laneous effective services 1,633,5001., a reduction of 
1,091,5001.; for the Admiralty office 1,387,800/., 
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reduction 365,000/.; and the non-effective services 
for which three votes totalling 10,109,500 are 
required. The latter figure shows an increase of 
3,195,800/., in comparison with that for the current 
year, but it must be remembered that the non- 
effective charges will be largely augmented by the 
discharge of over 30,000 officers and men from the 
Navy and dockyards during the year. 





RADIO-ACTIVITY. 

At the Royal Institution, on Saturday afternoon 
last, Sir Ernest Rutherford, F.R.S., delivered the 
second lecture* of his course on the above subject. 
He stated that, at the close of the last lecture, he 
had pointed out that radium was peculiar in the 
sense that the quantity of it contained in a sealed 
tube could be measured without opening the tube. 
This was possible because certain of the radiations 
emitted by the element were very penetrating. 
Indeed, they would pass right through the human 
body or through a few feet of earth. This property 
had been frequently made use of for the discovery 
of lost radium. In one case radium worth 1,000/. 
which had been used for treating a patient was on 
a subsequent inventory found to be missing. A 
search was made and the patient X-rayed on the 
hypothesis that he might have swallowed it, but 
in vain. It was then discovered that refuse had 
been carted away from the hospital shortly before 
the radium was missed. The carter was interro- 
gated, and gave a rough indication as to the part 
of the city dump where he had shot the rubbish. 
A charged electroscope was then brought to the 
dump and the position found at which it most 
rapidly lost its charge. It was then known that 
the radium was below, and, by testing with the 
electroscope each bucketful removed, the radium 
was recovered. 

Sir Ernest Rutherford next referred to the use 
of radium for making visible at night compass 
points and gun sights. This was effected by coating 
them with a mixture containing zinc sulphide and 
a small proportion of radium.. The luminosity 
thus obtained was not quite permanent, owing to 
the interesting fact that the a particles, emitted 
by the radium, bombarded the crystals of the zinc 
sulphide with such intensity that they destroyed 
the inner crystalline structure of the sulphide, 
with the result that the phosphorescence decayed 
fairly rapidly. This decay was, however, it would 
be seen, due to a secondary effect and not to loss 
of radium. Actually, he understood that the 
salvage departments had recovered after the war 
nearly a gramme of radium from superfluous 
sights and compasses. Sir Ernest suggested that, 
in view of the decay of the luminosity due to the 
destruction of the crystals of zinc sulphide, it would 
be better to use meso-thorium for such purposes. 
This was much cheaper than radium, and the a 
particles it emitted were somewhat more penetra- 
ting. The much shorter life of this body would not 
matter, as it would only be in use for a year or so. 

Radio-active bodies, Professor Rutherford pro- 
ceeded, emitted three distinct types of radiation, 
which he had named the a, the 8, and the y rays. 
In some respects the a rays were by far the most 
important. They consisted of a stream of positively 
electrified atoms of helium, which were shot out 
from the radio-active element at a very high 
velocity. This velocity was, in fact, generally of 
the order of 10,000 miles per second. The § rays 
were very swiftly-moving electrons, and the 
rays were light rays of the X-ray type. All three 
of these spontaneously produced radiations pos- 
sessed enormously greater energy than the corre- 
sponding radiations which could be produced 
artificially in the laboratory. Thus the a rays 
from radium had a kinetic energy incomparably 
greater than the corresponding positive rays studied 
by Sir J. J. Thomson. The electrons constituting 
8 rays, again, were very much swifter than the 
cathode rays produced in a vacuum tube, and the 
y rays had enormously greater penetrative powers 
than any X-rays so far generated. Comparing the 
three types of radiation inter se, Sir Ernest said 
that the energy of the a particles was very much 





* * For an account of Sir Ernest Rutherford’s first lecture 
See page 299 of our last issue. 
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greater than that represented by the 8 or y rays. 
The ionisation produced by an a particle was 
accordingly on the average at least 100 times as 
great as that effected by a 8 particle, but, although 
swift, the a particles lost speed very rapidly, their 
extreme range in air at standard temperature and 
pressure being 10 cm. to 11 cm. as a maximum. 
They could, nevertheless, produce enormous ionisa- 
tion, since though their penetrative power was 
small, their energy was very great. They were, 
however, unable to pass through a thin sheet of 
notepaper, as the lecturer showed by interposing 
such a sheet between a Zeleny electroscope (see 
Fig. 1, page 299, of our last issue) and a copper 
plate on which polonium had been deposited. 
What, Sir Ernest proceeded, was the cause of 
this remarkable behaviour of the radio-active 
elements in expelling these most penetrating and 
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previously unknown radiations? The theory 


was given by himself and Soddy nearly 20 years 
ago as the result of experiments made at Mon- 
treal, and was based upon the following simple 
ideas :—Atoms of ordinary elements such as iron 
or gold were permanent, lasting for billions of 
years, but in order to explain the results of their 
observations on thorium they assumed that the 
atoms of radio-active elements differed from 
ordinary atoms in one respect and in one respect 
only. They were not permanently stable. At 


Y} any moment of time a certain fraction of the atoms 


of these elements became unstable. An atomic 
explosion occurred, as the result of which either 
a or B particles were shot out, and the residue of 
the atom left constituted an atom of an entirely 
different element. Thus the atom of radium 
broke up into an a particle and an atom of the 
emanation. The atOmic weight of radium was 
226. That of the a particle, which was an electri- 
fied helium atom, was 4. Hence the atomic weight 
of the emanation was 226—4 = 222. The interest- 
ing point was that the emanation was entirely 
different from its parent. Radium was a solid with 
distinctive chemical properties closely resembling 
those of barium. The emanation, on the other 
hand, belonged to the family of rare gases devoid of 
marked chemical properties. The transformation 
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accordingly gave rise to an entirely new substance, 
which turned out to be far more unstable than its 
parent, and accordingly broke up in its turn with 
the expulsion of a second a particle (see Fig. 2, 
which we repeat from our last week's article). 
The residue after this explosion had an atomic 
weight of 222—4 = 218, and was known as radium 
A, which was again a solid and a metal. The atoms 
of radium A were very unstable and broke up very 
fast to yield radium B. This atom was also unstable, 
but when it exploded the particles emitted were 
not a particles, but 8 particles, i.e., swiftly moving 
electrons. In most cases, indeed, an exploding 
atom emitted either a or 8 particles; but, as would 
be seen from Fig. 2, the atoms of RaC, which 
resulted from the break up of the RaB atoms, 
appeared to give out all three types of radiation, 
viz., a, 8 and y. On this point he would have more 
to say in his next lecture. On reference to Fig. 2, 
it would be seen that we had a whole chain of con- 
secutive changes of one atom into another. If the 
view were correct that the phenomena observed 
were due to transformations occurring within the 
atom, it became important to know the law of the 
rate of change. Investigation showed that if we 
took polonium for example, its activity as measured 
electrically, fell in 136 days to one-half its original 
value. In another 136 days its activity was again 
halved, being then one-quarter of the original 
amount; and after the lapse of a third period of 
136 days the activity was found to have again been 
halved, and was thus equal to one-eighth the initial 
value. It would thus be seen that the activity of 
radio-active substances fell off according to the 
exponential law, which moreover held universally 
and was independent of all chemical and physical 
conditions. The rate of change was identically the 
same at furnace temperatures and at that of liquid 
helium, and was also quite unaffected by chemical 
conditions. In the case of one radio-active body 
he had confirmed the law till the activity fell to 


10,000,000 Of the initial value. If instead of 
working with a single substance like polonium we 
had a whole chain of successive changes, then in 
the condition of equilibrium, an equal number of 
atoms of each member of the chain must break up 
in unit time. When the atom of radium broke up, 
an atom of emanation was produced, and unless at 
the same time another atom of emanation exploded, 
there would be an increase in the number of atoms 
of the latter present, and the condition would not 
be one of equilibrium. 

Suppose, however, we removed the whole of 
emanation and started with pure radium. Each 
atom of radium as it exploded produced an atom 
of emanation. For each atom of the parent body 
which disintegrated one atom of a radio-active 
descendant was formed, so that the total remained 
constant, as indicated in Fig. 6, where the sum of 
the ordinates of the decay and recovery curves was 
equal to unity throughout. Fig. 7 represented the 
curves actually obtained in the early experiments 
made with thorium X, from which the law governing 
the atom disintegrations was deduced. These laws 
were summed up in the following table : 


Taste L.—Laws of Transformation. 
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The life of any individual atom of a radio-active 
body might be infinitely long or infinitely short, 
but by integrating the first of the equations given 
above after multiplication by ¢, it would be 
found that the average life L was, as stated, 
equal to + . Further, by substituting in (2) the 
value of P expressed in terms of ¢ and of the 
initial value, we could deduce a formula for the 
value of Q at any time ¢, and similarly with regard 
to R. 

If, for example, we started with radium A which 
changed into radium B, this into radium C, and this 
into radium D, then the equations deduced as above 
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were in this case represented by the curves repro- 


duced in Fig. 8, which showed the relative number 
of atoms of each present at any subsequent time. 
For each body the relative number passed through 
a maximum and then decayed, the final apparent 
rate of decay being in all cases fixed by that of the 
longest lived body in the chain. As another case, 
suppose the bodies, radium A, radium B and radium 
C in equilibrium with the emanation, in which 
case for each atom of the emanation that exploded, 
so did one atom of each of the derived substances. 
If now the emanation weve removed, the equations 
in Table 1 could be integrated as before, but with 
different constants, and in that case the curves 
representing the relative numbers of the different 
atoms present were of a different character, having 
the forms represented in Fig. 9. In actual practice 
the relative number of atoms present could not be 
observed directly, but had to be deduced from 
the activities as measured electrically. 

To illustrate the foregoing, Professor Rutherford 
had arranged an experiment, represented diagram- 
matically in Fig. 10, where A, B and C denote three 
wide glass tubes connected together by small-bore 
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tubes. The tube A at = outset was filled with 
coloured water. The stopcock being opened, 
this flowed through the connecting, tube into B, and 
thence through a second small-bore tube into C, 
and finally through a fourth into D. The con- 
necting tubes being of small bore, the flow through 
them was non-turbulent, and the rate of discharge 
was accordingly directly proportional to the head, 
which thus corresponded perfectly with the number 
of atoms of a radio-active body. It was shown that 
the height of the liquid in B reached a maximum 
before A was empty, and that thenceforward the 
rate of fall of the level in B increased steadily 
until A was emptied. A similar state of affairs 
occurred with C. It was possible, Sir Ernest said, 
to supply fresh liquid to A so as to maintain the 
head there constant. In that case the level of the 
liquid in B and C ultimately would become steady, 
and the conditions then corresponded to a chain of 
radio-active bodies in the state of equilibrium. 
In this latter case exactly the same number of 
molecules left each one of the three tubes in every 
second of time, just as in the equilibrium condition 
of radium and its emanation equal numbers of 
atoms of each broke up in equal times. 

To illustrate how rates of decay could be deter- 
mined, Sir Ernest Rutherford passed a puff of air 
through a vessel containing a little actinium emana- 
tion and then into the Zeleny electroscope. The 
activity of this emanation fell, he said, to half value 
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in 3-9 seconds, and the rapid slowing down of the 
oscillations of the gold leaf was readily observed. 
Repeating the experiment with the thorium emana- 
tion, of which the activity falls to half value in 
54 seconds, he showed that the rate of decay was 
very visibly slower, and he further showed that by 
sending a current of air through the electroscope 
the emanation previously introduced there could 
be blown out, and the gold leaf brought to rest. 
He pointed out that in each case the puff of air 
sent into the electroscope, carried with it an almost 
infinitesimal quantity of the emanations. When 
bodies were exposed to these emanations, he pro- 
ceeded, they became coated with radio-active matter, 
the result of the disintegration of the emanations. 
From the actinium emanation we could thus—see 
Fig. 11—collect actinium A. In this transformation 
the gas was transformed into a solid, which was 
deposited on any surface exposed to the emanation. 
There was nothing like enough of this deposit to 
produce a film on the surface, but owing to its radio- 
activity it was possible to determine its chemical 
properties as well with 10-" grammes of the 
substance, as it would be a kilogramme. In the 
early stages of the study this had not been realised 
by objectors, who spoke derisively of what they 
dubbed “phantom chemistry.” To show how 
readily the chemical properties of these infinitesimal 
quantities of radio-active matter could be deter- 
mined, Professor Rutherford took a piece of platinum 
which had been exposed for some time to the 
actinium emanation. Cutting this up into three 
pieces, he first showed that the platinum was 
strongly radio-active, by bringing it near the 
Zeleny electroscope. The platinum, he said, had 
deposited on it a few atoms of actinium A, 
actinium B, and actinium C. Taking one of the 
pieces, he showed that after dipping it into hydro- 
chloric acid, the greater part of the radio-activity 
was lost, the active body having been dissolved off 
by the acid. He next showed that by heating the 
platinum over a Bunsen burner the greater part of 
the deposit could be volatilised. In this operation 
the actinium B was, in fact, completely driven off, 
but some of the actinium C remained, as this body 
was more difficult to vaporise. He then dipped the 
third piece of platinum foil in water and showed 





that this had no effect on the activity, and then, 








taking a fourth piece,- which had been prepared 
before the lecture and left for a long time in contact 
with chlorine gas, he showed that this was still 
active, but on washing it with water this activity 
disappeared, the chloride formed by the exposure 
to the gas being soluble in water. In this way it 
would be seen, he said, we could demonstrate the 
chemical properties of these substances, in spite of 
the excessively small amounts available. 

He took next a small tube in which radium 
emanation had been stored for several years, so that 
the whole of the emanation had disappeared and the 
longer period elements alone left. Breaking this up, 
the polonium inside the tube was dissolved in acid, 
and on placing a copper plate in the liquid some of 
the polonium atoms were electrolytically deposited 
there, which he proved by showing that the plate 
was radio-active and would discharge an electro- 
scope. Polonium could also be deposited on copper 
by passing a current through an electrolytic cell, 
where it came down on the cathode, which was 
thus rendered radio-active. Very little was de- 
posited on the anode. In this way it was proved 
that polonium could be electro-deposited like 
any other metal. Polonium was, he continued, 
much more volatile than radium B and was, he 
showed, easily driven off from the copper by heat. 
In these experiments he was, he said, dealing with 
less than 10-“ grammes of the metal. Taking 
another piece of copper, which had been exposed 
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to radium emanation and had an activity equivalent 
to that of 20 to 30 grammes of radium, he showed 
that this was extremely active, although, if the 
surface of the copper was divided up into squares, 
each side of which consisted of 50 atoms of copper, 
each of these squares would contain on the average 
only one atom of radium C, so that the layer was 
very far from forming a film even one atom thick. 








THE VARIABILITY OF SPECTRA. 

THE problems of the amazing complexity and 
variability of spectra, which make the non-expert 
question the reliability of spectroscopic evidence, 
are not likely to find early solution. One begins to 
understand, however, that the complexity is only 
masked in the simple line spectra, on which Bunsen 
and Kirchhoff based spectrum analysis sixty years 
ago. That view was not expressly stated by 
Dr. T. R. Merton, F.R.S., Professor of Spectroscopy 
at Oxford, when delivering last week both the 
Bakerian lecture on ‘“‘ The Spectrum of Hydrogen,” 
before the Royal Society, and a discourse on “* The 
Variability of Spectra”’ at the Royal Institution. 
But we may draw that conclusion. We first notice 
the more general discourse. 

The radiation emitted by an element in the state 
of a luminous gas varies with the experimental 
conditions, the mode of excitation and also the 
presence of other elements. To illustrate this 
Professor Merton first made use of a Bunsen burner 
so arranged (Fig. 1) that a spray of the substance 
is introduced into the flame from below. He 
replaced the tray of the diagram by a flask 
containing the solution to be examined to which 
he added hydrochloric acid and a small piece of 
magnesium ; hydrogen was evolved, and this 
gas carried a spray upward into the flame. 
Strontium chloride thus dealt with gave a crimson 
flame, in the spectrum of which could be dis- 
tinguished not only the lines of the metal, but also 
the bands of the chloride and of the oxide—in 
addition, of course, to the hydrogen lines. When 
a similar experiment was made with copper nitrate 
and nitric acid, the flame was green; when a little 
cotton wool, soaked with chloroform (trichloro- 
methane CH.Cl;) was interposed between the top 
of the flask and the bottom of the burner, the flame 
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assumed the blue colour of the copper chloride—the 
blue colour which we see, the lecturer stated, when 
a little common salt NaCl is thrown on a coal fire, 
because the coal contains traces of copper. In this 
way minute impurities could often be detected. 
But flame reactions were in themselves complex, 
and spectra were hence better studied by passing 
the electric discharge through pure gases, generally 
at low pressures in vacuum bulbs. Such bulbs 
were frequently fairly wide at the electrode ends and 
constricted in the central portion. 

Nitrogen thus examined showed, with the uncon- 
densed discharge, a pink glow and a positive 
band spectrum, in the capillary portion, with a 
bluish glow and a negative band spectrum near 
the cathode; this latter constituted an important 
part of the aurora spectrum. When a condenser 
and a small spark gap were switched in, the current 
density became momentarily much higher at each 
discharge (the total intensity remaining unchanged), 
more nitrogen molecules were broken up, successive 
electrons were probably removed from the atoms 
as the intensity was further raised, and the dis- 
charge brightened up and changed in colour and 
in its spectrum. The effects were especially marked 
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in the capillary portion of the bulb, where the cur- 
rent density was relatively high, and they were also 
produced locally when a portion of the bulb was 
held in a magnetic field. Under different conditions 
of excitement the carbon are showed at least six 
band spectra, partly due to compounds of carbon 
with hydrogen, oxygen and nitrogen, and the bands 
narrowed more and more as the discharge was in- 
tensified, until they were quite sharp, as in the 
carbon lines in the hottest stars of the Wolf-Rayet 
type. 

Most of these variations, Dr. Merton continued, 
could reasonably be accounted for ; but it was very 
difficult to explain some peculiarities in the spectra 
even of hydrogen, the atom of which we believed 
to consist merely of a nucleus and one electron. 
Hydrogen had two (or three) spectra. The first 
consisted of the well-known lines Ha,B,y . . .« 
(in the red, yellow, green, blue, &c.) of the Balmer 
series, which were seen in almost all celestial spectra 
and also in laboratory tubes, because traces of hydro- 
gen were difficult to exclude. The “secondary” 
spectrum was crowded with lines (exceeding 1,200) 
all over, and this latter spectrum—not the single 
Balmer lines—was characteristic of pure hydrogen 
and never observed so far in stars. The discharge 
through pure hydrogen was of a beautiful blue 
colour ; impurities changed the colour into pink, 
and a trace of water vapour was sufficient to 
extinguish most of the secondary lines, except some 
in the red and yellow. This can be seen in the 
upper spectrum of Fig. 2, in which the yellow 
Balmer line is less distinct than the others; the 
lower spectrum is the secondary. 

_ Dr. Merton exemplified this result by introduc- 
ing pure hydrogen into a discharge bulb; this 
was done by heating by a hydrogen flame a 
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palladium tube, previously charged with hydrogen ; 
palladiym was permeable only to hydrogen. The 
discharge was blue, whilst an ordinary hydrogen 
bulb, impure probably with a little vapour of water 
and mercury, gave a pink discharge. The change 
in colour was due to the fact that the impurities 
affected different lines to a different degree, and 
that showed that the lines could not all have the 
same genesis. We shall revert to this point. The 
ordinary vacuum bulbs contained the gas at the low 
pressure of a few millimetres of mercury. When 
the gas pressure was raised to 50 mm. and more, 
the numerous lines of the secondary spectrum 
almost coalesced, finally forming the third con- 
tinuous spectrum of hydrogen, while the gap be- 
tween the ultraviolet and the Schumann rays was 
bridged over. 

From the theoretical point of view the spectrum 
of the inert gas helium was second in importance 
only to that of hydrogen. The helium spectrum 
was seen in the chromosphere of the sun (where 
helium was discovered), and in many stars, and the 
relative intensities of the helium lines varied there 
as much as they did in the laboratory. There were 
at least three helium spectra, and six series of lines 
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could be distinguished, three known as the helium 
series and three as the parhelium series. The 
parhelium series predominated at low pressures, 
and since the green was strongest in the parhelium, 
and the yellow in the helium, the colour changed 
from yellow to green as the gas pressure was reduced. 
Dr. Merton illustrated this, and also the influence of 
impurities, in striking ways. A helium bulb through 
which the discharge passed looked green ; when the 
lower end of the bulb was immersed in liquid air, 
the colour in that cold portion, in which the helium 
was more concentrated, turned yellow. Another 
bulb was filled with helium by heating a tube 
containing thorianite, connected to the bulb. 
The gases thus introduced consisted of helium, 
nitrogen, carbon dioxide, water vapour, &c. ; most 
of these gases, except helium, were absorbed by a 
charcoal tube joined to the discharge bulb, and as 
this absorption proceeded, the colour of the dis- 
charge bulb assumed more and more the yellow tint 
of the helium. 

The influence of helium on the hydrogen spectrum 
was exemplified by Fig. 3. Spectrum B (the 
lower) was that of pure hydrogen; the upper 
spectrum A that of a mixture of helium with very 
little hydrogen; yet there was only one helium 
line D,; in the spectrum A, and the relative in- 
tensities of the hydrogen lines were differently 
affected. A trace of carbon altered the helium 
spectrum in a similar way ; those intensified bands 
were strong in the spectra of comet tails. One 
of the band spectra of helium corresponded to the 
“secondary” spectrum of hydrogen, because it 
only appeared in very pure helium. The occurrence 
of this spectrum was very remarkable. The 
secondary hydrogen spectrum was—as we shall see 
—ascribed to the hydrogen molecule (not to the 
atom), and helium was not supposed to form mole- 
cules at all. But there might be temporary 
associations not strictly of molecular character 
in the chemical sense. Professor Fowler had shown 
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that the arrangement ot the head of the bands in 
this helium spectrum resembled that found in 
series attributed to atoms. Passing powerful con- 
denser discharges through helium Fowler observed 
that the spectrum assumed the character of a 
spark spectrum, and he discovered two series, 
known in stellar nebulz and in early types of stars ; 
Fig. 4 shows in the upper part this spectrum (thick 
lines) and the ordinary helium spectrum in the 
lower portion. 

The energy required to produce spark spectra, 
Dr. Merton proceeded, varied with the nature of 
the gas and was, for elements of the same chemicat 
group, generally the smaller, the greater the atomic 
weight. This was demonstrated by coupling bulbs 
of helium, neon, argon (atomic weights 4, 20, 40) 
in series. With the uncondensed discharge (mild 
excitation) the helium bulb alone was fairly brilliant ; 
the condensed spark discharge brought the orange 
neon and the blue argon colour (at first pinkish) 
out splendidly. By the aid of coloured slides 
Dr. Merton proved that the colour changes were, as 
in other cases, due to the relative intensity changes 
of various lines and to their broadening to different 
degrees. Lines were broadened and resolved by 
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the Stark effect of a local electric field, similarly as 
a strong magnetic field widened and resolved the 
lines (Zeeman effect). Generally the more re- 
frangible rays were more enhanced by increased 
electric energy, but that varied with the series. 
Whilst now pure hydrogen showed a much stronger 
Stark effect than helium, the hydrogen lines were 
little broadened in mixtures with helium (upper 
spectrum of Fig. 5; the lower spectrum is that 
of hydrogen). That proved that one gas might 
exert a specific selective influence upon another gas 
present, not of a chemical kind; for helium was 
chemically inert. The nature of neighbouring 
atoms would alter the electric field and thus change 
the conditions of the discharge and of the radiation. 

In his Bakerian lecture, to which we pass, Dr. 
Merton, who was associated with Mr. 8. Barratt, 
dealt mainly with the secondary hydrogen spectrum, 
characteristic of pure hydrogen and of feeble dis- 
charges, and with attempts to classify the enormous 
number of lines for the purpose of tracing their 
genesis. In such research the utmost purity and 
accuracy of measurement, down to 0-001 Angstrom 
unit, A.U., were essential. Dr. Merton pointed out 
a possible source of error in comparative wave- 
length measurements of overlapping asymmetrical 
bands. In determining line intensities, Dr. Merton 
and Professor Nicholson made use of a double glass 
wedge, consisting of a colour-tinted glass and a 
colourless glass cemented together so as to form 
a plane-parallel plate. The plate was mounted in 
front of the spectrograph slit, and the photographed 
lines then looked like arrow heads, the higher the 
more intense the line. When the positive was 
enlarged through a ruled process screen, the image 
was made up of a number of dots, and the length 
of the line could be determined by pricking out the 
last visible dots. 

Fulcher had attempted to classify about 100 lines 
of the secondary hydrogen spectrum with the aid 
of the Zeeman and Stark effects. That was only 
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possible for strong lines, and the two classifications 
did not agree with one another or with differentia- 
tions obtained by altering the discharge and gas 
pressure conditions. Lines might be due to 
oscillation of the atoms and to molecular oscilla- 
tions. The width of a line admitted of drawing 
conclusions as to the mass of the vibrating particle. 
Fabry and Buisson determined this width by inter- 
ference methods; Dr. Merton described their own 
new method. The band they obtained by the wedge 
method would be a peaked curve wider at the base 
than at the top, and they attempted to determine 
the base or width of a rectangle equal in area to 
the band and of the same height. If the band were 
photographed through screens of different absorbing 
power, the equivalent width would change with the 
degree of absorption ; instead of using a screen, they 
took photographs of different order spectra through 
an échelon grating. They had further to know the 
temperature at the respective spot of the discharge ; 
that they determined roughly by fixing specks of 
organic compounds on the walls of the bulb (e.g., 
cinnamonic acid, melting-point 456 deg. C.) and 
allowing for heat loss by radiation. In that way 
they found, e.g., a band width of 0-032 A.U., which 
was in good agreement with the calculation for a 
vibrating molecule ; the atom should give a width 
of 0-046 A.U. The conclusion was that the 
secondary hydrogen spectrum was due to the 
molecule. 

There was, further, evidence that the high- 
density discharge effected a certain separation of the 
constituent gases in mixtures, e.g., of helium and 
hydrogen. In such mixtures containing little 
hydrogen the hydrogen lines were only seen at the 
bulb ends near the electrodes ; when the condenser 
was cut out, they remained visible there for a time, 
but finally the spectrum became more uniform all 
over the bulb. Similar effects were observed with 
mercury, present in traces in other gases. Further, 
when hydrogen contained a little water vapour, only 
the oxygen lines might be visible. Such effects had 
been observed by Curtis and especially by Wood, 
who used wide tubes with bent-off electrode ends. 
The effects were never observed in pure hydrogen, 
and Dr. Merton suggested that the hydrogen was 
really transferred by the electric discharge, and that 
its lines did not show in parts, from which the hydro- 
gen had been removed, until it had had time to 
diffuse back. Such gas separations might take place 
in stellar nebule and new stars. Dr. Merton 
referred to other evidence of specific influences of 
neighbouring atoms on the spectrum lines, which 
indeed had long since been observed, though not 
so interpreted. But the discussion by Sir Arthur 
Schuster, Professors Nicholson and Newall and 
others indicated that we were not yet able defi- 
nitely to assign lines to the vibrations of mole- 
cules or of neutral or ionised atoms. 





NOTES. 
Rattway PrRosBiteMs IN AUSTRALIA AND CHINA. 


Tae railway ‘problems of countries so diverse 
in character as Australia and China would appear to 
be rather difficult to discuss with any continuity of 
argument or criticism. China with its huge area 
settled for centuries by teeming millions, is a great 
contrast to Australia with its one or two inhabitants 
to the square mile, and comparatively speaking 
all recent comers. That Mr. T. R. Johnson brought 
the two subjects together in a paper he read on 
Monday last before the Institute of Transport, is 
due, not we take it to any fact that the problems of 
these countries are related or similar, but to the 
fact that the author’s officia! connection with both 
has given him first hand experience of each. 
Mr. Johnson’s contribution does not, in the case of 
Australia, carry the matter much further than has 
been done on previous occasions, this part of his 
paper dealing largely with the settlement of the 
gauge question, the latest position of which we 
summarised in a leading article on page 80 ante. 
With regard to China, Mr. Johnson points out that 
the country averages as far as can be ascertained 
about 200 inhabitants to the square mile, and with 
an area of about 4,250,000 sq. miles has at present 
about 6,800 miles of railway. Owing to financial 
stringency, in addition to Government railways, 


concessions have been granted in the past to 
financial syndicates of various nationglities— 
British, German, French and Belgian—and these 
had each built to the practice of their respective 
national schools of railway engineering. The result 
was now that China, although ‘no gauge problem 
worth speaking of had to be settled, still was faced 
with the desirability of standardising in other 
directions. The systematisation of accounts had now 
been brought about, and agreement on other matters 
as, for instance, a standard specification for steel 
bridges. Among new lines the most important 
proposal is that of the completion of the Pekin- 
Canton Railway, in' which there is a gap of about 
250 miles. It is hoped that this will be commenced 
shortly. Another promising development is a 
proposal to extend railway communication into the 
rich province of Szechnan from Hankow. 


Income Tax—Tue Tuoree Years’ AVERAGE. 


On March 13 the House of Lords gave judgment 
in an income tax case, the Great Western Railway 
Company v. G. W. Bater, Surveyor of Taxes, which 
seems likely to have the most far-reaching effects 
and to enable many employees of limited com- 
panies to be assessed under schedule D and so get 
the benefit of the three years’ average instead of 
being assessed as hitherto under schedule E. The 
short question in the case was whether the assess- 
ment for the purpose of income tax on the 
of a clerk in the employment of the Great Western 
Railway Company should be under schedule E 
or under schedule D. The surveyor contended that 
it should be under schedule E. The railway 
company, who were liable to pay the tax in the 
first place, contended that it should be under 
schedule D. On the surveyor’s contention the 
clerk would not get the benefit of the three years’ 
average ; on the railway company’s he would. The 
House of Lords laid it down in the clearest terms 
that the clerk’s salary could not be assessed under 
schedule E unless he held a public office or a public 
employment of profit; and although they did not 
say what was a public office or a public employment 
of profit, they decided by a majority of four to one 
that the clerk had not a public office or a public 
employment of profit, and that the assessment 
should not be under schedule E. We understand 
that hitherto the practice of the surveyors of taxes 
has been to assess under schedule E persons holding 
offices or employments of profit under limited 
companies without considering whether the office 
or employment of profit was of a public nature or 
not, but the effect of the judgment seems to be that 
in future they will require to discriminate between 
offices or employments of profit which can be said 
to be public, and those which cannot be said to be 
public. In all cases, therefore, in which limited 
companies are asked to give returns under schedule E 
of the salaries of their employees, they should 
consider most carefully which of them should be 
treated as holding offices of a public nature and 
assessable under schedule E, and which should be 
regarded as assessable under schedule D in respect 
that their offices are not public ; and in considering 
which offices are public and which are not, the 
officials of the companies should not yield too readily 
to the blandishments or the} arguments of the 
surveyors. 


Tue INSTITUTION OF PETROLEUM 
TECHNOLOGISTS. 


Entering upon the second year of his presidency 
Professor J. 8. S. Brame, F.I.C., addressed the 
annual meeting of the Institution of Petroleum 
Technologists, held on the 14th inst., on national 
and international aspirations for unification and 
standardisation in petroleum technology. At the 
early international conferences of petroleum in- 
dustrials and scientists meeting in connection with 
Paris exhibitions, little was achieved. The Buch- 
arest Conference of 1907 appointed 17 experts 
to deal with analytical and testing problems, but 
that number was too small. The proposal for national 
sections came from Berlin in 1908, and the Inter- 
national Chemical Congress, held in London in 
1909, had for the first time a special Petroleum 
Section. An International Commission under the 





presidency of Prof. Carl Engler was established at 





Karlsruhe, to the Technical High School of which 
petroleum technologists congregated from all parts 
ofthe world. The International Petroleum Congress 
of Vienna, in 1912, was attended by almost all 
interested countries, including the United States, 
Russia alone not being officially represented. It 
was agreed that the nomenclature should have a 
scientific basis with due regard, however, to com- 
mercial uses. Various problems were assigned to 
various committees; storage, transport and fire 
insurance were also discussed, but France and the 
United States did not approve of dealing with these 
questions, and the Government representatives were 
on the whole reluctant to bind themselves. The 
next conference, originally projected for 1913, 
was to meet in London in spring, 1914, but Rumania 
interposed an invitation to Bucharest, and the 
preparations were so much delayed thereby that the 
London conference was again postponed. Then war 
intervened. Meanwhile an International Petroleum 
Institute, to deal also with statistics and literature, 
had been suggested, the initiation coming from 
Germany, though not for Germany and not from 
Karlsruhe ; Rumania again proposed Bucharest as 
the seat of that Institute. After the war the Société 
Industrielle de Chimie proposed to resuscitate the 
International Commission, at Strassburg. Professor 
Brame personally did not see the advantages of 
Strassburg. Though himself a chemist, he would 
not tie petroleum technology to chemistry, and he 
would rather support the educational development 
by endowments and scholarships. The United 
States, moreover, had achieved so much for petro- 
leum generally by the work of the Geological 
Survey, the Bureau of Mines and the American 
Association for Testing Materials—created in 1902 as 
the American Branch of the Internationale Verband 
fiir Materialpriifung at Vienna—that Professor 
Brame advocated co-operation of the two English- 
speaking races, the greatest oil-producing nation 
and the nation most extensively interested in oil 
all over the world. American methods had been 
so well developed and so largely adopted 
that America would hardly wait for international 
approval. Professor Brame made it clear that he 
expressed only his personal views on some of these 
matters which would naturally come before the 
Institution of Petroleum Technologists as the com- 
petent body in England. In the formal meeting, 
which had preceded the general meeting, the Institu- 
tion had modified its by-laws in order better to be 
able to widen the scope of its national and inter- 
national aims. 





INDUSTRIAL NOTES. 
The subject of the Engineering Trade Dispute is 
dealt with in our leading article on page 329. 





In regard to the employers’ proposal for the with- 
drawal in two instalments of the 26s. 6d. weekly 
war bonus in the shipbuilding trades, conferences 
have been held since our last report on page 304 ante. 
As a result of these the men have accepted the 
principle of a reduction and have shown their willing- 
ness to negotiate a settlement. They have, however, 
rejected the proposal of having the withdrawal made 
in two instalments of 16s. 6d. now and the balance 
of 10s. later, and want the cut to be made by smaller 
amounts at atime. This matter of the shipbuilding 
trades’ bonus, which is still being considered by the 
owners and unions directly concerned, was at first 
distinct from that of the engineers’, but the lock-out 
in the engineering trades, which came about through 
difficulties mainly with the members of the Amalga- 
mated Engineering Union, threatens to involve other 
unions and also to complicate the situation in regard 
to the shipbuilding trades proper. 





The pass which the industries of this country have 
now reached is further illustrated by an occurrence 
in the timber milling trade of Hull and its vicinity. 
Owing to slackness two timber mills had of late been 
working alternate weeks only. An urgent order having 
been received, the owners decided last week to run a 
machine in the closed mill, and two machinists were 
requested to operate this. The two men refused to 
work, alleging that ‘‘ under the rules of the Amalga- 
mated Society of Woodcutting Machinists, where a 
mill is on short time the whole of the workers shall 
work the shorter hours.” In this particular instance, 
there was only enough work for the two machinists in 
question ; they having refused to carry it out, the order 
could not tbe executed. This is another case of 
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freedom of management pure and simple, occurring, like 
similar cases in the engineering trades, at a time when 
it is necessary as never it has been before that every 
effort should be made by everyone to work to the 
utmost capacity. During the last few days, trade 
union officials have issued manifestoes stating that the 
employers are making war on the unions and want to 
smash them. The employers deny this, adding that 
they simply want, in the interests of the country, to 
control managerial functions in their establishments. 
Any unbiased person, in view of the Hull instance 
above reported, and other instances in the engineering 
trades, cannot fail to recognise that the “ rules’’ of the 
unions require amending. 

The secretary of the London Iron and Steel Exchange, 
Limited, states that the crisis in the engineering 
industry has reflected upon the home demand for 
foundry pig-iron, since the stoppage of the engineering 
shops will stop the call for castings. He adds that 
the decision of the London Metal Exchange and the 
Glasgow pig-iron trade to re-establish a market in pig- 
iron warrants in London and Glasgow has aroused 
interest in the business circles; but it will be a long 
time before dealings can assume practical importance. 
The producers generally appear to be opposed to re- 
opening the markets; but several iron makers regard 
it with less disfavour. In the finished.material depart- 
ment the engineers dispute has been sharply felt, and 
the improvement in home trade buying, that promised 
to develop on satisfactory lines, has been checked. The 
overseas demand has also fallen off very considerably 
although there has been a fair amount of inquiry. 
The suspension of orders from the Far East has been 
a conspicuous feature of the position during the week, 
and it is suggested that the Americans are again offering 
at cut rates in those markets. 





The motion in regard to Part II of the Mining 
Industry Act, 1920, referred to on page 259 ante, asking 
the House of Commons to agree to its not ceasing to 
have effect, has been introduced by Mr.S. Walsh. He 
stated that when the Act came before Parliament, the 
Labour Party opposed Part II. Now there was a change 
in their attitude and they wished it retained. After 
several members had spoken, Mr. Bridgeman, the 
Secretary of Mines, said the history of Part II was a 
deplorable one on both sides. The attitude which the 
Government must take up had to be one of strict 
neutrality. It was of little use setting up pit and 
district committees except with the hearty co-operation 
of both sides. The Government having given eighteen 
months to the two parties to come to an arrangement 
under Part II, and no agreement having been reached, 
the best hope was to rely upon their coming together 
under a voluntary arrangement similar to that which 
was made in other industries. The motion was de- 
feated by 141 to 99 votes. 

On the same day, and in answer to a question, 
Mr. Bridgeman said he had no information as to the 
amount of royalties, rents and wayleaves in North- 
umberland in 1914. In the quarter ended September, 
1921, the latest period for which particulars were 
available, they amounted to 104d. per ton. Ship 
freights from Blyth to London in June, 1914, were 
2s. 9d. to 3s. per ton, as compared with 5s. to 5s. 6d. 
per ton now. The railway rate on coal from collieries 
in the neighbourhood of Newcastle to London was 
9s. 6d. per ton in June, 1914; at present it was 13s. 6d. 
per ton. In 1914, Mr. Bridgeman added, the average 
cost of raising a ton of coal was 8s. 9}d., of which 
2s. lsd. represented costs other than wages and 
royalties, whilst in the quarter ending September 30, 
1921, the corresponding figures were 24s. Id. and 
6s. 7d. respectively, 





At a recent conference held in London of the Trans- 
port Workers’ Federation, when the new wage scheme 
put forward by the Port employers was considered, 
the wage reduction of ls. per day was accepted by an 
overwhelming majority. This brings wages down to 
12s. per day in the large ports and to Ils. per day in 
the smaller. 


In the matter of the Danish labour trouble, the 
Employers’ Union has sent a communication to the 
trade unions defining several points and emphasising 
the inadequacy in many respects—more especially 
as regards hours and overtime pay—of the mediator’s 
proposal, from their point of view, but adding that the 
masters nevertheless accepted it. As to the relative 
position of wages, &c., before the war and now, the em- 
ployers state the average weekly wage forskilled labour 
in 1914 was 35 kronen 31 ére, and if this had been in- 
creased in the same proportion as the rise in the index 
number it would now have been 74 kronen 86 Gre. 
The average wage for skilled labour in September, 
1921, however, was 98 kronen 40 dre, which, with the 
15 per cent. reduction comes out at 83 kronen 64 dre, 
or 8 kronen 78 dre more than if paid according to index 





number. For unskilled labour the figures are still 
more favourable for the men. The average weekly 
wage in 1914 was 26 kronen 21 Gre; according to 
the index number it should now be 55 kronen 57 6re, 
but the average wage for September, 1921, was 
80 kronen 64 dre ; deduct the 15 per cent. from this 
figure, and the wage comes out at 68 kronen 14 dre, or 
12 kronen 57 6re more than it would have been according 
to the index number. For female labour the average 
wage was 17 kronen 5 dre in 1914, the index number 
would raise this to 36 kronen 15 dre; the weekly wage 
in September, 1921, was 50 kronen 88 dre, which, re- 
duced by 15 per cent. comes out at 43 kronen 25 6re, 
or 7. kronen 10 dre above a wage according to index 
number. This means an average for all kinds of 
labour of 8 kronen 5 dre above the wage fixed according 
to the actual rise in the price of commodities. Further, 
it must be borne in mind, that the average hours per 
day in 1914 were 9°5, whereas it is now 8 hours, so the 
mediator’s proposal means an extra weekly wage of 
8 kronen 5 6re for less work. The men will not accept 
the 15 per cent. reduction on the September, 1921, 
wage, but only 10} per cent., as per fall in the index 
number, but not the remaining 4} per cent. which 
represents the fall in industrial markets, &c.; the lock- 
out has cost the men the difference. Negotiations 
have been resumed. (1 kronen= 100 dre =about ls. 2d.) 





PNEUMATIC EQUIPMENT FOR 
CONTRACTORS’ WORK. 


In order to secure contracts and maintain employ- 
ment as far as possible under the conditions existing 
at the present time, it is more than usually important 
to employ the best available means for ¢conomising 
labour and expediting work. This feature is well 
exemplified in connection with some work now being 
carried out for the Post Office by Messrs. John Mowlem 
and Co., Limited, Ebury Bridge-road, 8.W.1, who are 
well known for the use of modern appliances to an 
extent which is distinctly above the average. In the 
particular work we are now referring to, compressed air 
is being employed for operations usually performed by 
manual labour, but before briefly describing the plant 
and equipment, as we propose to do, it is necessary to 
indicate the character and purpose of the work. 

As some of our readers are probably aware, a small 
pneumatic railway was constructed some sixty years 
ago for the purpose of conveying mails from St. 
Martin’s-le-Grand to Euston Station. The railway 
ran in an underground tube, measuring 4 ft. 6 in. wide 
and 4 ft. high internally, constructed partly of brick- 
work and partly of cast iron. The lower portion of 
the tube was rectangular and the upper portion semi- 
circular in section, and the tube was situated some 
10 ft. or 12 ft. below the surface. The railway has not 
been used for many years, but the tube is apparently 
still in good condition, so that it has been decided to 
make use of that part of it which runs under Holborn 
as a duct for telephone cables. To give access to the 
tube for this purpose manholes are being constructed 
at intervals along the route, and it is for cutting 
through the concrete road foundations, excavating the 
earth and cutting openings in the walls of the tube, 
that the pneumatic appliances are being employed by 
Messrs. Mowlem. 

The main item in the equipment is a portable air 
compressor set supplied by Messrs. Lacy-Hulbert and 
Co. (1921), Limited, Boreas Works, Beddington, 
Croydon. This consists of a 40 h.p. 4-cylinder Dorman 
engine driving a two-cylinder vertical single-stage air 
compressor through cut spur gearing giving a 3 to 1 
reduction. The engine, which works with paraffin 
and is started with petrol, runs at about 900 r.p.m. 
and is cooled by a radiator and fan, while tank cooling 
is employed for the air compressor. The cylinders of 
the latter are each 275 mm. (10-83 in.) in diameter 
and the piston stroke is 250 mm. (9°84 in.). The 
capacity of the compressor, running at its normal 
speed of 300 r.p.m., is 140 cub. ft. of free air per minute 
compressed to 100 Ib, per square inch, which is sufficient 
for the operation of four of the percussion-type drills 
used for cutting concrete. A welded steel air receiver 
is provided, and the whole plant is carried on a channel- 
bar frame mounted on four cast-steel rubber-tyred 
road wheels. The two front wheels are fitted to a 
swivelling carriage having a draw hook which can be 
used for moving the plant from place to place by 
means of amotorlorry. A sheet steel roof is fixed over 
the engine and compressor, and the whole of the 
machinery can be completely enclosed by steel plate 
side covers when not in use. 

As above mentioned, percussion-type drills are 
employed for cutting through concrete, the one we 
saw in use when inspecting the work on Monday 
last being a pick hammer supplied by Messrs. 
Lacy-Hulbert. The tool, which combines some 
of the features of both a rock drill and a riveting 
hammer, weighs about 40 lb., and is held up to 
the work by hand, the cutting being effected by a 


pointed bit of octagonal steel. We were informed that 
the time required to break up a cubic foot of 5 to 1 
concrete was about 40 secs., and that two men could 
usually be kept employed in shovelling away the 
spoil produced by one tool. Another tool in use for 
excavating earth, clay, &c., was a pneumatic spade, 
about the size of a man’s hand, and forming an 
attachment to an Ingersoll long-stroke hammer. With 
this tool the operator can cut through any compara- 
tively soft material with great rapidity and with little 
or no effort. Pneumatic rotary drills, we understand, 
will be employed for cutting through the cast-iron parts 
of the tube, but these were not in use at the time of 
our visit. 

We would remark, in conclusion, that while the 
work to which we have referred is by no means the 
first for which pneumatic tools have been employed in 
connection with excavation, the application is of 
interest on account of the character of the work, and 
the completeness of the equipment. Another note- 
worthy point is that the compressing plant is of 
British manufacture. 





LARGE INTERNAL COMBUSTION 
CYLINDERS. 
To THe Eprror or ENGINEERING. 

Srr,—About a year or so ago, in his address to the 
British Association, Sir Charles Parsons stated that the 
British Association research on gaseous explosions had 
saved British engineers many thousands of pounds by 
showing that the intensity of radiation to the walls of 
an explosion cylinder increased as the size of the vessel 
was increased, and that this fact explained why large 
gas-engine cylinders were liable to failure in service. 

In your last issue Professor David has contributed a 
most instructive article on gaseous explosions, con- 
cluding as follows: ‘‘The reason for the unreliability 
of the large gas engine is thus clearly seen, and the 
physical impossibility of designing very large engines 
working upon ordinary cycles will be obvious unless steps 
are taken to secure lower temperatures in the working 
cylinder.” In what follows I wish to maintain that 
the size of cylinders which are practically feasible can 
never be limited by the intensity of heat flow per unit 
of area (hereinafter called the heat flux). 

Professor David realises, of course, that the great 
wall thicknesses which are customary in large engines 
are a source of trouble quite apart from any increase 
in the heat flux which may attend the use of large 
cylinder dimensions. Taking his own comparison between 
a 12-in. and a 60-in. cylinder, he states that the flux 
would be about 50 per cent. greater in the case of the 
latter. What is perhaps more serious still is the fact 
that with ordi methods of construction the walls 
of the large cylinder would be four or five times as thick 
as those of the small one. 

There is, however, no very good reason why the 
ordinary methods of construction should continue to 
be practised. The heat flux through the walls of an 
aero cylinder is certainly very much higher than. that 
through the walls of a 60-in. gas engine cylinder working 
at a moderate piston speed. The aero cylinder survives 
because its w are thin. 

Evidently the right way to design a very large gas or 
oil engine cylinder for a high heat flux is to provide thin 
walls (separating gas and water) sup orted externally by 
any adequate means, several of which will suggest them- 
selves to any designer. The design of large Diesel 
engines is already tending in this direction. Examples 
of this sort of thing are to be found in the Still engine 
illustrated in your issue of March 3, the Blohm and Voss 
double-acting two-stroke engine, the later German 
submarine engine, &c. 

In most Diesel engines the cylinder liner is free to 
ye, tener relatively to the jacket, and cracking is practically 
unknown (apart from piston seizure) even with liners 
24 in. thick in highly rated two-stroke engines. The 
heat stress troubles are confined to the cylinder covers 
and pistons, and these troubles are being overcome by 
providing thin walls supported by stronger members 
to carry the pressure loading. 

When two-stroke oil engines of 50 in. bore or so are 
undertaken for the propulsion of Atlantic liners it will 
probably be necessary to carry out similar princi les in 
connection with the cylinder liners. In view of these 
considerations I am inclined to believe that the alleged 
physical impossibility of constructing very | highly- 
rated, reliable internal-combustion engine cylinders is 
fallacious, There are no doubt difficulties just as there 
were difficulties in the development of the large steam 
turbine, but I think they will be overcome without re- 
sorting to lower gas temperatures. 

It is not difficult to explain the failures of many large 
gas engine cylinders. In many cases the liner and 
jacket were combined in one casting accommodating all 
the valves, and the shapes adopted for the combustion 
chamber were unfavourable for free ex ion. Also 
excessive metal thicknesses were used which could be 
avoided by suitable subdivision of the casting. 

Another difficulty remains with large slow-running 
engines, and that is the cyclic fluctuation of temperature 
of the inner face of the cylinder wall, In high-speed 
engines this fluctuation has been shown to be negligible, 
but in engines a say, 60 r.p.m. this may not be 
the case perhaps. This difficulty also, I think, is. not 
insuperable. 

I should be glad to know if the increased 
which large cylinders are said to be subject 
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total heat supplied. Personally I have not been able 
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to trace any relation between the cylinder dimension 


and the jacket loss in the figures which I have been able 
to examine. On the face of it the jacket loss would 
appear to depend not only on the relation of heat flux 
to temperature and linear size of vessel, but also on the 
influence of linear size on the time distribution of tem- 
perature throughout the cycle. It would be interesting 
to hear the views of the manufacturers of large cylinder 


gas e : 

Whilst differing from Professor David with respect to 
the point referred to above I should like to express 
appreciation of the work he has done towards the 
elucidation of the different problems of the distribution 
of heat in internal-combustion cylinders, and also of 
the lucidity of his article referred to above. 

Yours faithfully, 
H. F. P. Purpay, 

76, Sarum Hill, Basingstoke, March 11, 1922. 





STRESSES IN THE FRAMES OF RUBBER 
MACHINERY. 
To tHe Eprror or ENGINEERING. 

Srr,—TI should be glad if you or any of your numerous 
contributors could give me any information regarding 
the stresses encountered in the frames of machines for 
the macerating, washing and mixing of rubber. 

After a lengthy search for any information relating 
to this, I have not been able to find any data. It is 
obvious, of course that the pressure will vary according 
to roller size and length, and also upon the consistency 
of the material being treated, but if any of your corre- 
spondents could = approximate figures for pressure 
per square inch, I should be greatly obliged. 

Yours faithfully, 
“ Estate.” 





“ BALL AND ROLLER BEARINGS: THEIR 
DESIGN AND PERFORMANCE.” 
To THE Eprror or ENGINEERING. 

Srr,—The interesting point raised by Mr. Heathcote 
in your issue of February 24, page 230, in connection 
with the thrust capacity of ball bearings, seems to call 
for further comment. 

I stated in the lecture under discussion that the thrust 
coefficient with the single-row type was greater than 
that of most sizes of the double-row type, which admis- 
sion meets the greater part of Mr. Heathcote’s contention, 
but IT am doubtful as to the validity of his claim to a 
coefficient of 4 if the single-row bearing he has in mind 
is of the filling slot type. I have dealt with this fully 
in the lecture Shandy, but in turning to the Proceedings 
of the Institute of Automobile Engineers, 1921, page 591, 
to which Mr. Heathcote refers me, I find he figures out 
that a single-row bearing with a listed radial capaci 
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of 1,590 lb. at a certain speed can take a thrust load of 
2,200 Ib. On comparing this with the test figures he 
gives on page 659, it can scarcely be claimed that theory 
and practice are in ment. As a matter of fact, 
if the axial portion of the load be multiplied by the 
factor of 4 and added to the radial load it will be found 
in each case to add up to just about 2,000 Ib., which is 
only a slight overl over the listed radial capacity of 
1.590 lb. Is Mr. Heathcote satisfied that the life quoted 
by him in these tests warrants him adopting the factor 4 
for general practice ? 

Many types of double-row self-aligning construction 
bearings give equal performance in daily service, but 
I take the opportunity of emphasising again the necessit 
of not over-rating the capability of journal ball bearings 
to act as double-purpose units. 

Yours faithfully, 
A. MAcCAvuLay. 

The Skefko Ball Bearing Company, Limited, Head 

Office and Works, Luton, March 6, 1922. 





BURNING LIGNITE ON CHAIN-GRATE 
STOKERS. 
To tHe Eprror or ENGINEERING. 

Str,—I have been much interested in the illustration 
of the setting of a watertube boiler for burning lignite, 
which appears on page 257 of your issue of March 3. Quite 
apart from the danger of bringing hot gases directly into 
contact with the fuel in the hopper, with the risk of the 
heated fuel igniting, especially when the boiler is shut 
down, there seem to be several very practical objections 
to the design. The gases, on finally leaving the boiler 
have to pass through absurdly small holes in the side 
walls to get away to the flue. This would seriously 
interfere with the draught, and, furthermore, taki 
the gases out at the side of the setting would apparently 
compel all boilers to be set singly, with a considerable 
increase in cost. The exit flues coming between the 
settings would occupy a lot of valuable room, and 
involve un y long steam mains, feed pipes, 
bunkers and boiler-house gonerally. It is also to be 
noted that the water gauges are at the back end of the 
boiler drums. Other tters for critici will rise to 
the minds of all engineers conversant with the practical 
operation of boilers. 

The trouble in burning lignite on a chain grate is 
due to the high moisture content of the fuel. In an 
ordinary setting, such as one would use for bituminous 
coal, the lignite gets some considerable way along the 
grate before it begins to burn atall. While it is travelling 
this dist , its isture is being evaporated. The 
evaporation cools the arch and combustion starts pro- 
oy later, until the fire goes out, or goes over the 

umping bars. A mixture of bituminous coal and 
lignite can be burnt, but it is troublesome to get and 
keep the mixture right. Several years ago, as the out- 
come of experiments carried out at the University of 
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Alberta, in Edmonton, Canada, a setting was devised 
which has proved highly satisfactory and enables even 
the worst kind of the local lignite stacks to be burnt 
without difficulty on a chain grate stoker with natural 
or induced draught. The front arch is made very short, 


Y | and beyond it there is another larger and higher arch set 


at an angle so as to radiate the heat on to the incoming 
coal. Behind this arch is a space about 8 in. wide, 
separating the arch from the bridge wall. The evaporated 
moisture presumably escapes at the end of the first 
short arch and does not cool the main inclined arch 
which does the work. 

Chain-grate settings of the type in question are now 
largely used in the West of Canada, and they burn 
rom which was utterly unburnable with the ordinary 
settings. Experience hes shown that, so long as the 
main principles are adhered to, the proportions and 
positions of the arches may be modified to a reasonable 
extent. Engineers who are interested in the burning 
of lignite on chain grate stokers should find out what 
is being done with the Alberta lignite stacks, and I have 
no doubt that Professor C. A. Robb, of the Engineering 
Department of the Alberta University, or Mr. James F. 
McCall, the superintendent and chief engineer of the 
Calgary Power Station, would be pleased to give all 
information possible to any responsible inquirer. An 
actual example of a boiler setting, designed by Mr. 
McCall to burn lignite slack, is shown in the accompany- 


M&| ing figures. It must be remembered that the arrange- 


ment represents a modification of a standard setting, a 
fact which accounts for the long ‘Dutch Oven” at the 
front. In an entirely new installation it is probable that 
the boiler would have been set higher, the grate put 
further in and the reverberating arch raised at its front 
end. Nevertheless, the arrangement shown was, the 
writer believes, quite satisfactory. 
Yours faithfully, 
M.E.I1.C. 





SUSPENSION BRIDGE FOR THE ARGENTINE REPUBLIC.— 
A despatch has been received from the Commercial 
Secretary to H.M. Legation at Buenos Aires, transmitti 
a copy of the specifications for a suspension bridge, wit 
conthiions of tender, &c., and a set of blue prints which 
may be examined at the Department of Overseas Trade, 
on application to Mr. Dempster, of the Engineering 
Section (Room 504), until the 31st inst., after which date 
they will be available for loan to firms in the provinces 
who may be unable to arrange for their inspection in 
London. The tenders are to be presented on June 19, 1922. 
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Sma Ow Eneres tn Hotitanp.—As an indication of 
the popularity of this type of engine in the Netherlands, 
the record of the number of ships built during the year 
1921 in that country is conclusive, says Motorship, New 
York, which adds that 102 oil-engine installations are 
recorded, the total horse-power being 3,929, so that the 
average installation works out at about 38 h.p. On 
January 1, 1922, 60 boats were under construction having 
close to 10,000 h.p. Amerncan manufacturers of oil 
engines of this power should take note of this record, says 
our American contemporary, as there is an even larger 
field in the United States of America for such motors. 
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Persona.—The Spearing Boiler Company, Limited, 
and Messrs. Tinkers, Limited, Daisyfield Boiler Works, 
Hyde, Manchester, have come to an arrangement under 
which the Spearing Boiler Company uire the con- 
trolling interest in Messrs. Tinkers’. he Spearing 
water-tube boiler will in future be made at the works of 
Messrs. Tinkers, where it is proposed to carry out large 
extensions to cope with the rye A bely demand. 
Mr. Spearing will join the board of Tinkers, Limited, as 
chairman, and Mr. Frank Tinker will continue to act as 
managing director.—Mr. J. W. P. Laird has_ been 
appointed assistant to the managing director of Messrs. 
Cammell Laird’s Shipbuilding and Engineering Works, 
Birkenhead. 


EGyptiaN CONTRACT FOR BRITISH MANUFACTURERS.— 
We read in The Board of Trade Journal that tenders 
were recently invited by the Public Works Ministry, 
Cairo, for the supply and_ installation of pumping 
machinery at Atf, in Lower Egypt. This contract was 
open to manufacturers all over the world, and has now 
been adjudicated to the Associated British Manu- 
facturers (Egypt), Limited, at a sum slightly over 
70,0001.E. The contract was keenly competed for by 
Swiss, German, French, Dutch and other manufacturers. 
The installation forms part of one of the largest pumping 
stations in Egypt, and the machinery and material to be 
supplied is all British. It consists of four Willans and 
Robinson (The English Electric Company, Limited) 
Diesel engines, each direct-coupled to a Gwynne pump. 
Each unit is — of pumping 6-4 cub. m. of water per 
second. The electric power required is supplied by two 
'Vickers-Petter semi-Diesel engines direct-coupled to The 
English Electric Company’s generators. The filtering 
plant is that of the Paterson me aepeg Neng and 
the large sluice valves are supplied by Messrs. Glenfield 
and Kennedy. 





Marcu 17, 1922. ] 


ENGINEERING. 


— 337 








SEASON-CRACKING IN CONDENSER TUBES.* | ft 


Further Studies in Season-Cracking and its Prevention. 
Condenser Tubes. 


By H. Moorg, O.B.E., Ph.D., B.Se., F.1.C., F.Inst.P., 
Member, and 8. Becxrysare, B.Sc., A.1.C., Member. 
(Communication from the Research Department, 
Woolwich.) 

In the discussion on a papert presented to this Insti- 
tute by the present authors two years ago, the president, 
Engineer Vice-Admiral Sir Geo Goodwin, 
the application to Admiralty condenser tubes of the low- 
temperature annealing recommended for the removal of 
internal stress in brass. The present paper is a record 
of the work done in co uence of that suggestion. 

This work consisted of :— 

1. The examination of two split condenser tubes. 





K L 


Fie. 1. Sprrr Conpenser TusBes AS RECEIVED. 


2. The determination of the properties of condenser 
tubes made by different makers. 

3. Experiments on condenser tubes purposely made by 

methods leaving high internal stress. 
_ 4. An investigation of the rate of reduction of stress 
in condenser tube brass during low-temperature annealing. 
_ 5. The determination of the effect of heat-treatment, 
in the range 200 deg. to 325 deg. C., on the properties of 
brass of condenser tube composition. 

The material used was either actual Admiralty con- 
denser tubes (external diameter, § in.; thickness of 
wall, 0-048 in.), or brass of Admiralty condenser tube 
composition (70 : 29: 1). 
t+ Split Tubes.—The tube K had cracked in store. 
The length examined had an irregular longitudinal crack 
0-05 in. wide at its widest part, and extending from one 
end to within 2 in. of the other end of the tube. The 
fracture and the external surface of the tube along one 
side of the crack were coated with black corrosion 


* Abstract of a paper read befote the Institute of 
Metals, on Wednesda P March 8. 

H. Moore and §. Beckinsale, “The Removal of 
Internal Stress in 70:30 Brass by Low-Temperature 
Annealing,” Jowrnal of the Institite of Metals, No. 1, 
1920, vol. xxiii, page 225. EncrneErtne, vol. cix, page 393. 














roduct. The tube L had cracked in service. Before 
it came into the authors’ hands it had been cut longi- 
tudinally by a diametral cut about 90 deg. from the 
crack. The springing a of the two halves shown 
in Fig. 1 indicated that longitudinal stress as well as 
circumferential stress had been present. The fracture 
surface of the crack was covered with corrosion product, 
but showed to some extent the crystalline ap; ce 
characteristic of season-cracks. A brownish-green 
corrosion scale covered the interior of the tube. 

A piece of corroded tube cut from each sample was 
immersed in 5 ¢.c. of distilled water for one day. Pre- 
cautions were taken to avoid contamination with 
ammonia from any other source. 1 c.c. of Nessler’s 
solution was then added to each vessel. The water 
extract from K became brown, indicating the presence 
of ammonia, while that from L and a sample of distilled 
water submitted to the same conditions and test as a 


Fic. 2. x 100. Generat Structure in Tuse D. 





in 1 per cent. mercurous nitrate solution after pickli 
in nitric acid.* All were free from cracks on remov 
from the solution. The pieces cut from A make developed 
fine longitudinal cracks within 24 hours. None of the 
other pieces cracked during 56 days’ storage in a closed 
space after the mercurous nitrate treatment. Short 
ym were exposed over 0-880 ammonia solution in 
a closed space. Cracks developed in A and D makes. 
Pieces of tube A were annealed at 275 deg. C. for 1 hour 
and submitted to the mercurous nitrate test. No cracks 
develo The microstructures (a_ solid seeren) 
differed only in c size. The crystals were elonga 

in the direction of drawing. 

Each tube was uniform in structure throughout ' its 
length. The finest and coarsest structures observed 
are shown in Figs. 2 and 3. 

Brinell hardness tests made on the external “and 
internal surfaces of the tubes with a ball of 2 mm. 
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control remained clear and colourless. The tests were 
repeated a number of times and always with the same 
results. 

The average Brinell hardness number of sample K 
was 147, that of L 160. The tests were made on the 
external surface, and each tube was uniform in hardness. 

Microscopic examination revealed normal stryctures 
of much-twinned a crystals of medium size. The eracks 
in K, though corroded, were seen to be generally ‘inter- 
crystalline (Fig. 4). The smaller cracks were less 
corroded. Much corrosion had occurred in the cracks 
in L, but in some fields examined the path of the crack 
was seen to be intercrystalline. 

2. Properties of Admiralty Condenser Tubes.—The 
material examined consisted of lengths of tube of § in. 
external diameter selected at random from current 
supplies received from eight different makers. The dif- 
ferent makes are distinguished in Table I, page 338, by 
the letters AtoH. A second set of samples was obtained 
after an interval of some months, The remainder of the 
examination was carried out on the second set of samples 
only, except in the case of G and H makes of ich 
sampler in the first set only were received. 

Short lengths of each tube were immersed for 5 minutes 





diameter and a load of 40 kg., and on transverse sections 
with a ball of 1 mm, diameter and a load of 10 kg., showed 
a distinct rise in hardness from the exterior to the interior 
surface. The hardness of each tube was uniform through- 
out its length. 

Low-Temperature Annealing.—Short lengths of each 
make were led in a salt bath at temperatures 
ranging from 250 deg. to 325 deg. C. In each treatment 
the temperature was maintained within + 1 deg. C. 
Brinell hardness tests (2-mm. ball, 40-kg. load) were made 
on the external surfaces of the pieces before and after 
treatment, and the paper gives Brinell hardness numbers 
each of which is the a of at least six tests. 

3. Condenser Tubes in a State of High Internal Stress. 
Messrs. Muntz’s Metal Company, Limited, were asked to 
supply a quantity of condenser tube in which high 
internal stresses were purposely induced by the method 
indicated by Vaudrey and Ballard. The tubes were 
otherwise to comply with the Admiralty specification. 
It was agreed that the tubes should satisfy the require- 
ment that they should develop open cracks within 
20 minutes of application of the mercurous nitrate test. 
The authors w to acknowledge their obligation to 
Messrs. Muntz’s Metal Company for the care taken in 
meeting these unusual requirements by preparing a 
considerable quantity of tube in which the internal 
stresses have shown by subsequent experience to 
be not only very high but remarkably uniform. Thorough 
visual examination of the tubes, pickling and micro- 
scopic examination of samples cut from each length, 
showed them to be free from cracks, 

A number of pieces were submitted to the mercurous 
nitrate test, and each cracked within 40 seconds of 


immersion. The cracks gradually developed until they 
assumed the form shown in Fig. 5; mic ic examina- 
tion showed that they followed the boundaries of the 


crystals, which were much twinned and medium in size. 

Low-Temperaiure Annealing.—3-in. lengths cut from 
the tubes were heated in the salt bath at various tempera- 
tures and for varying periods of time. Four pieces were 
subjected to each treatment, the Brinell hardness was 
then determined on two and the mercurous nitrate test 
was applied to the other two. In the untreated state, 
this lot of tubing was found to be unusually susceptible 
to the development of cracks of the character of season- 
cracks and fire-cracks. This is regarded as an indication 
of the presence of exceptionally high stress, which might 
also be inferred from the form after cracking 
(Fig. 5) and from the gaping of longitudinal cuts made in 
short lengths. Calculations of the actual value of the stress 





* This is the test indicated whenever the mercurous 
nitrate test is mentioned in the present paper. Full 
iculars of the method of applying the test have 
n given in the A ix to a previous p 
H. Moore, 8. Becki: , and ©, E. Mallinson, “The 
Season-Cracking of Brass and other © r Alloys,” 
Journal of the Institute of Metale, No. 1, 1921, vol. xxv., 
page 35. EwNGIngErtne, vol. exi, page 300. 
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TABLE I.—CuemicaL ANALysIs. 






































Make : | A. | B. | c. | D. | E. | F. | G | H 
First Set of Samples. 
per cent. | per cent. | per cent per cent. | per cent. | per cent. | per cent. | per cent. 
Copper 70-6 69-9 70-2 70-4 70-5 — 70-7 70-5 
Tin .. 0-82 1-01 0-92 0-92 0-30 ids 1-01 1-06 
Bismuth 0-003 0-0007 | 0-002 0-001 0-003 — 0-0029 | 0-003 
Antimony 0-006 0-001 0-005 0-003 0-009 — 0-004 0-022 
heoaiie >0-01 >0-01 nil >0-01 0-01 —_ nil 0-02 
Lead .. 0-30 trace trace trace 0-30 _ trace 0-14 
aan i... cam 0-03 0-04 0-04 0-05 0-11 — 0-11 0-04 
Manganese .. .. --. +-| 0:003 0-001 0-005 0-004 0-005 _ 0-007 0-002 
3rine .ss number of external 
. a a 5 SE 149 147 135 156 118 — 137 133 
Second Set of Samples. och . 
per cent. | per cent per cent. | per cent. | per cent. | per cent. ; per cent per cent 
Copper cy aren 68-9 70-1 71-2 71-1 70:1 70-8 om — 
Tin. a 1-04 0-89 0-88 0-99 0-83 1-13 ee _ 
Bismuth as ~ ee — fom 0-005 - _— 
Antimony ars md —* _ _ 0-003 ~~ a 
Arsenic ee “- oe _ — 0-035 - -- 
lead .. oe — —- - _— ~- 0:47 ane nul 
Iron .. 6 7 a rae = i “= — 
Manganese ° — _ - ~ —_— . ios same 
Nickel _ — . — — 0-025 — _ 
Ta Dieta 2 
i 
t 
j 
net 5 aa 
mete | 
> a 4 
, 
| 
| 
vw 
Bul. ck Soa nn Tet aga eins ee | 
Fic. 5. ConpgenseR Tospsgs in A State or Hicu INTERNAL STRESS, SHOWN AFTER 
TREATMENT IN Merocurovus Nitrate SoLvurtion. 
are not given because of the uncertainty as to its mode | sealed specimens can be examined through the wall of the 


of distribution, Considerable care had to be exercised 
in applying pickling and similar treatments, since the 
slightest trace of a mercury salt— introduced, for instance, 
by using vessels or tongs, which although they had been 
well rinsed in water had previously been used with dilute 
mercurous nitrate solution—caused cracks to,develop in 
a very short time. The tube was highly susceptible 
also to the action of ammonia present in small con- 
centration. Cracks have not developed, however, in 
conditions in which the presence of traces of mercury 
or ammonia could not be established, and when pre- 
cautions to avoid the introduction of these “ accelerating 
agents '’ were taken, pickling in acids or similar corroding 
treatment, however severe, did not cause the formation 
of cracks. 

It has been widely believed that season-cracking may 
be brought about in brass by the action of stress alone, 
if the stress is sufficiently high and prolonged. This 
view is not supported by the experience of the authors, 
who have suggested elsewhere that for the development 
of season-cracks in brass at atmospheric or lower tempera- 
tures some chemical or similar action on the surface is 

y in addition to the presence of stress. The 
behaviour of this lot of highly-stressed condenser tube 
during the months in which it has been under observation 
and used in experiments has so far supported the views 
of the authors ; but with the object of obtaining further 
evidence on the question they have placed a number of 
pieces of the tube in closed spaces in defined conditions 
of atmosphere in the spaces. The magnitude and 
uniformity of the stresses existing throughout a con- 
siderable quantity of material, its remarkable suscepti- 
bility to season-cracking, and its convenient form, make 
oe tubing in quest i ly suitable for the pro- 
oO 








- pert 4 
nged experiments contemplated. Lengths of 3 in. to 
12 in. have been sealed up in glass tubes in a vacuum, 
end.¢leo in the eir which hep: to be present in the 
tube with and without the addition of a little water. 
Other i are being ¢ to a considerable 
variety of conditions of surrounding atmosphere, and 


glass containing tube without breaking the seal, and all 
specimens will be examined for cracks at intervals. 
The trial is intended to continue for many years, or until 
cracks have whe go in all the specimens. 

4. The R of Stress—In the highly-stressed 
tubes used, treatment at 275 deg. C. for 2 hours, or at 
300 deg. C. for 1 hour, reduces the stress below the limit 
at which cracks can be produced by the action of mercury 
and has very little effect on the hardness of the tubes. 
A series of similar treatments of spun cups made from 
sheet of Admiralty condenser tube composition, carried 
out in the manner previously described by the authors, 
showed that liability to crack under,the action of mercury 
was removed in that case by a treatment at 275 deg. C. 
for l hour. In neither of these series of experiments was 
the actual initial stress determinable, and in each series 
the treatments were applied to specimens all of the same 
hardness. The work now to be described was intended 
to give quantitative information on the reduction of 
initial stress brought about by low-temperature anneali 
under different conditions of (1) initial hardness, (2) initi 
stress, (3) time, and (4) temperature of a ing. The 
effect of each of these four factors was determined 
independently. 

The method adopted and the principles on which it is 
based have been described by the authors elsewhere.* 
If a flat strip of metal of uniform thickness is bent 
elastically to the form of an arc of a circle the uniform 
tension (p) at the outer surface can be calculated from the 
formula— - 

t 
? 2r 
where ¢ = the thickness of the strip, 
r = the radius of the arc, and 
E = Young’s modulus of the metal. 





*H. Moore and 8. Beckinsale, ‘“‘The Prevention of 
Season-Cracking in Brass by the Removal of Internal 
Stress,” Transactions of the Faraday Society, vol. xvii 





temperature variations will also be introduced. The 


(1921), page 162. Enortnzerrne, vol. cxi, page 665. 











If while the specimen is held in this form a treatment 
which will reduce the stress is applied and the strip is 
rel d after treat t, it will assume a form inter- 
mediate between its original straightness and the arc 
to which it was constrained during treatment. From the 
curvature assumed the stress present in the metal after 
treatment and before release can be calculated. 

The material used was brass of Admiralty condenser 
tube composition containing 69-6 per cent. copper and 
1-1 per cent. tin, and was cold-rolled to the desired 
thicknesses. The intermediate anneali and reduc- 
tions in rolling were adjusted to give fi Brinell hard- 
ness numbers, in the strip cold-rolled from the fully 
annealed condition, approximating to 120 and 160. 
These figures may be regardgd as the lower and upper 
limits of the Brinell hardness of Admiralty condenser 
tubes. 

Determinations of Young’s modulus were made on a 
number of tensile test-pieces cut from cold-rolled 
Admiralty condenser tube brass with Brinell hardness 
ranging from 100 to 165, and gave the value 6,900 tons 
per square inch, with little variation. 

The strips were 6 in. in length, and were elastically bent 
and held on formers to an arc of radius 3-5 in., as shown 
in Fig. 6. * By using strips (of each hardness) of thickness 
0-020 in. 0-015 in. and 0-010 in., initial tensions of 
approximately 20 tons, 15 tons and 10 tons per square 
inch were applied. The actual tension was calculated 
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Two Srrips RELEaAsep at ONE END AFTER 
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from the measured thickness of each strip. The treat- 
ments were carried out in a salt bath, as described above, 
with the exception of the more protracted treatments for 
which molten salt-jacketed air ovens were used. 

A number of strips of each hardness and thickness 
used were maintained for some time in the bent condition 
on the former at atmospheric temperature, and were then 
released to indicate whether the initial bending was purely 
elastic. In no case could any pons departure from 
straightness be detected in the strip after release. It 
should be noted, however, that the highest nominal 
tensile stresses applied exceed the limit of p: rtionality 
and in the case of the softer material approach the yield- 
point. It is possible, therefore, that the actual initial 
tensile stresses were in some cases slightly lower than the 
calculated 15 tons and 20 tons per square inch, but the 
very gradual departure from proportionality of strain 
to stress in tensile tests and the absence of perceptible 
permanent bending indicate that any error on this 
account is small. Typical series of results are shown 
graphically in Figs. 7 to 10 on the opposite page. 

5. The Effect of Heat-Treatment on the Properties of 
Condenser- Brass.—In a consideration of the applica- 
tion of such treatments to condenser tubes it is desirable 
that the effects on mechanical properties, more especially 
on the elastic range, should be known. This aspect of the 
question is the more interesting, in view of the effect 
of low-temperature annealing in raising the limit of pro- 
portionality (frequently termed the elastic limit) in cold- 
worked or otherwise overstrained material. 

Part of the ingot from which the thin strips used in 
section 4 were prepared was cold-rolled from the fully 
annealed state into plate 0-75 in. thick. By suitable 
choice of the thickness at which the material was oa 
annealed before the final cold-rolling, plates of Brinell 
hardness approximately 98, 136, and 165 were obtained. 
Tensile test-pieces were cut from the plates with their 
axes parallel to the direction of rolling. The test-pieces 
were circular in section, the diameter was 0-564 in. and 
the gauge length 2 in. Extensions during loading were 
measured with a Ewing extensometer specially con- 
structed for a 2-in. gauge length and reading to 0 -000008 
in. 

The test-pieces, machined to finished dimensions, were 
submitted to treatments for various lengths of time in 
the range 200 deg. to 325 deg. C. in the salt bath, and 
after cooling were washed, re-measured and tested. _ 

Results of these tests are given in load-extension 
di in Fig. 11. A considerable number of the 
tests which gave results practically identical with those 
given by the untreated material have been omitted. _ 

6. General Conclusions.—The cracks in the split 
condenser tubes examined showed the characteristics of 
season cracks, While these specimens were only two 
in number many examples have ggen examined elsewhere, 
and there is no reason to doubt that the splitting of 
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condenser tubes is an example of the season-cracki 
of pets bg cracks commonly follow an intercrystalline 

ath, and the springing apart occurring on the formation 
Pr a crack indicates the relief of initial stress. The tube 
which had cracked in store resembled other specimens 
of season-cracked brass investigated by the authors in 
having ammonium compounds present in the corrosion 
product coating the fracture. The freedom of the 
corrosion product of the other tube from ammonium 
compounds may be due to their removal by water while 
the tube was in service. 

The possibility of sewage contamination in sea water 
circulating through condenser tubes has been pointed out 
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‘ing | Generally the tubes were free from ‘injurious stress, but 


the cracking of two tubes out of the limited number 
examined, under the action of ammonia (one of these 
cracked after mercury treatment also), suggests that 
freedom from injurious stress cannot be assumed in tubes 
which are supplied and accepted for Admiralty use. 
More important evidence of the presence of injurious 
stress in condenser tubes is their occasional failure by 
splitting, and the clear indication of initial stress relieved 
by the splitting, in the gaping of the cracks and the 
springing apart when cuts are made. 

The experimental work reported in the present paper 
has been mainly directed to the subject of the reduction 
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square inch maximum tension at the surface, weére 
annealed at temperatures in the range 200 deg. to 
325 deg. C. The results may be summarised in the 
following conclusions, which are equally applicable to 
70 : 30 brass. 

1. The rate of reduction of stress at the lower tempera- 
tures is fairly rapid at first, but becomes slow when the 
stress has been considerably reduced. Important stresses 
remain after 6 hours at 200 deg. or 225 deg. C, 

2. As the temperature is raised the rate of reduction 
of stress increases, but shows the same characteristic of 
slowing down as the stress falls during the treatment. 

3. The higher the initial stress, the higher is the 
remaining stress after a given treatment in condenser 
tube brass of the same hardness, although the amount 
of stress removed is | aoe al the higher the initial stress. 

4, The higher the hardness of the brass, the lower is 
the remaining stress after a given treatment and for a 
given initial stress. 

5. A large reduction in the amount of stress is brought 
about by annealing conditions (temperature and time) 
which raise slightly the hardness of the cold-worked 
material, and the stress can be reduced to a low value, at 
which it appears to be innocuous, by treatments which do 
not appreciably lower the hardness and strength. 

Tensile tests made on condenser tube material cold- 
rolled to a Brinell hardness of 165 and heat-treated in 
the range 200 deg. to 300 deg. C. showed that the pro- 
— limit is considerably raised by such treatment. 

he yield-point is raised to a smaller extent, while the 
maximum stress is little affected at the lower tempera- 
tures and is gradually lowered as the temperature is 
raised. At temperatures above 300 deg. ©., and at 
300 deg. C., if the treatment is prolonged, the limit of 
pees and yield-point begin to fall off again. 

he improvement in elastic properties after suitable 
treatment is an example of the recovery of elasticity 
brought about when overstrained materials are heated 
to t 
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by G. B. Allen.* The presence in the cooling water of | of internal stress by low-temperature annealing, and the 
ammonium compounds arising from this source is | effect of such treatments on the strength and range of 


dangerous when the tubes are in a state of internal stress, 
owing to the powerful effect of ammonia and its com- 
pounds in inducing the cracking of stressed brass. This 
emphasises the wisdom of ensuring that condenser tubes 
are not taken into service in a state of high stress. 

The examination of many different makes of tubes 
showed that the Brinell hardness was usually between 
140 and 160. One unusually soft tube (Brinell hardness 
118) contained only 0-3 cent. of tin, and appears to 
be quite exceptional in its composition and properties. 





* G. B. Allen, ‘‘ Service Experience with Condensers,” 
Journal of the Institute of Metals, No. 2, 1920, vol. xxiii, 





page 285, ENGINEERING, vol. cx, p. 423. 


elasticity of condenser tubes. The work carried out 
comprised the heat-treatment of spun cups (not described 
in detail) of highly-stressed condenser tubes, of strips of 
condenser tube brass maintained in a form causing @ 
known initial stress, and of tensile test-pieces of the 
same material. The behaviour of Admiralty condenser 
tube brass (70: 29:1) throughout was found to be 
similar to that of 70 : 30 brass, as might be expected. 
The experiments on the low-temperature annealing of 
internally-stressed condenser tubes and spun cups 
with the quantitative results yielded by the work on 
elastically bent strips of Admiralty condenser tube brass, 
in which strips cold-rolled to 120 and 160 Brinell hardness 
initially stressed to 10 tons, 15 tons and 20 tons per 





tures below the range at which true ‘ anneal- 
ing” or softening begins. The best results are given, 
in the case of hard condenser tube brass, by treatment 
for moderate times in the range 225 deg. to 275 deg. C., 
the limit of proportionalit rena raised, in the tests 
reported, from 12 to 20, and the yield-point from 32 tons 
to 35 tons per square inch. The elongation is also 
improved. The condenser tube brass in which the initial 
hardness had been raised to a less extent by cold-rolling 

ave little indication of improvement in elastic properties 

y “‘recovery ’’ heat-treatment, the effect of which is in 
general greater the more the material has been over- 
strained, but on the other hand higher temperatures and 
—— treatments may be applied to the softer brass 
without appreciable lowering of the limit of proportion- 
ality, yield-point, of maximum stress. 

In the application of low-temperature annealing for 
the purpose of preventing season-cracking, the practical 
questions to be decided are (1) to what limite should the 
initial stress be reduced, and (2) what treatment is re- 
quired to bri about the desired reduction under 
ordinary manufacturing conditions. It is not yet 
possible to fix a limit of stress below which season- 
cracking cannot occur, but there is much evidence 
indicating (1) that the initial stress in brass objects 
which fail by season-cracking is fairly high (say, over 
10 tons per square inch) as a rule, if not always ; (2) that 
failure by season-cracking is improbable, if not impossible, 
when the stress is not more than 4 tons or 5 tons per 
square inch; and (3) that brass which does not crack 
under mercury treatment is unlikely to develop season- 
cracks, Exceptionally severe conditions, such as 
exposure to an atmosphere consisting mainly of ammonia 

as, may however, induce cracking when the stress is 
ower. It is hardly necessary to provide against a 
condition such as this, in which brass is rapidly destroyed 
by corrosion. The experimental results indicate that 
treatment in the range 260 deg. to 300 deg. C. should 
reduce the stress below 5 tons per square inch, the higher 
temperatures being required for higher initial stress and 
lower initial hardness. 

In order to reduce the stress below the limit at which 
mercury treatment causes cracking in the experimental 
tubes in which high initial stress had been purposely 
developed, treatment at 275 deg. C. for 2 hours, or at 
300 deg. C, for 1 hour, was found n There is no 
doubt that in these tubes the initial tension at the surface 
was extremely high. It is most improbable that such 
ante semen tu would ever be supplied for use, 
and although treatment at 275 deg. C. for 2 hours may be 
applied without appreciable loss of strength, a shorter treat- 
ment at this temperature would be sufficient to reduce 
stress to a safe limit in condenser tubes as manufactured. 

It is idered that treat tat 280 ang. to Sean. 
for 30 minutes would remove all liability to the develop- 
ment of season-cracks in Admiralty condenser tubes, and 
would at the same time effect a useful improvement of 
mechanical properties, especially in the harder tubes, 
by raising the limit of elasticity. t t for longer 
at a lower temperature could be applied with equally good 


results. 

G. D. Bengough and O. F. Hudson* have described a 
treatment for the production of an oxidised scale on 
condenser tubes for the prevention of corrosi 
finished tube is heated in an oxidising atmosphere for 
half an hour at 280 deg. C. + 20 deg. It be seen 
that this treatment is very similar to that now recom- 
mended for the prevention of season-cracking, and that 
the one treatment would answer both p If the 
pre-oxidising process is to be ane as a preventive of 
corrosion, ti would be no difficulty in adjusting the 
time and temperature, so that the conditions were the 














* G. D. Bengough and O. F. Hudson, “ Fourth Report 
to the Corrosion Committee,” Journal of the Institute 
of Metals, No. 1, 1919, vol. xxi, page 207, ExGrnzERING, 
vol. evii, page 417. 
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most suitable for the reduction of stress to a safe limit. 
If, however, an oxidised surface is not desired, the 
conditions under which the stress reduction treatment 
is applied can be controlled to prevent oxidation entirely. 

The authors are indebted to Engineer Vice-Admiral 
Sir George Goodwin, K.C.B., LL.D., Engineer-in-Chief 
of the Fleet, for the supply of material and much essential 
information, and for his helpful advice during the pro- 
gress of the investigation. 





THE INTERNAL MECHANISM OF COLD- 
WORK AND RECRYSTALLISATION IN 
CUPRO-NICKEL.* 

By Frank Apcock, M.B.E., B.Sc., Member (Teddington). 

(Concluded from page 308.) 

Change of Hardness with Annealing Temperature.— 
The curve include d in Fig. 5 shows the change in hardness 
of the 88 per cent. reduced material when the specimens 
were annealed at gradually i ing temperatures, an 
it has been constructed from the results shown in Table I, 
on page 305 ante. An inspection of the curve shows that 
appreciable softening of the metal only set in when the 
annealing temperature was above that at which re- 
crystallisation had commenced. Thus a specimen 
annealed at 440 deg. C. showed the new crystal grains 
under the higher powers, but the hardness only began to 
fall rapidly when the annealing temperature reached 
460 deg. C. Although the fall in on re a 
marked at a temperature corresponding roughly wi 
complete disappearance of all me apmm dbe ow § material, 
yet a steady softening of the metal seemed to take place 
even up to annealing temperatures as high as 970 deg. C. 

Examination of 50 per Cent. Reduced Series.— 
As in the case of the 88 per cent. reduced samples, the 
50 per cent. reduced material was annealed for periods 
of half an hour at temperatures shown below in Table IT. 




















Taste II. 
Annealing in Temperature 
Sample. Degrees C. Centigrade. 
Range. Average. 
M6 435-440 437 
M3 480 480 
M5 495-505 500 
M7 520-525 522 
M2 535-545 540 
Mn 560 560 
MY 665 665 
M4 Unannealed - 
Fig,5 VARIATION 
: re 
= IN 
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Owing to the large grain size of the — 1 material, 
it was impossible to obtain satisfactory indications of the 
hardness of the specimens by the Brinell method, as the 
oo made by the bail were very irregular. 

erence has already been made to the characteristics 
of the unannealed metal, and the various samples which 
have been annealed will be dealt with in turn. 

M6 Annealed 435 Deg. to 440 Deg. C.—A general view 

of the “side” section of the specimen has already been 
shown in Fig. 15, page 306 ante, and Fig. 33, page 307 ante, 
illustrates at higher magnification a rather peculiar 
formation near the boundary of one of the original 
erystal grains. The dotted lines observable in the last 
mentioned figure were resolved under the oil-immersion 
objective into chains of etch-pits approximately cubic in 
shape, but no new crystal grains could be detected. 
13 Annealed 480 Deg. C.—-Changes had evidently been 
taking place in the material, for the dark sloping lines 
occasionally visible in the “side” sections of the un- 
annealed material had given place to chains of minute 
etch-pits which almost covered the surfaces of some of the 
old grains. (See Figs. $4 and 35.) The process of 
recrystallisation was yet in the early s , and only a 
few isolated new grains could be distinguished under the 
microscope. 

M5 Annealed 495 Deg. to 505 Deg. C.—As with the 
88 per cent. reduced specimens at this stage, the process 
of recrystallisation in some of the old grains was more 
advanced than in others. Thus a large number of new 
grains had appeared on the etch-bands in one of the old 
grains depicted in Fig. 36, but only a few new grains were 
to be seen within the borders of most of the neighbouring 
eld grains which did not show well-marked strain lines 
on etching. 

M7 Annealed 520 Deg. to 525 Deg. C.—The average 
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size of the new grains had considerably increased, and it 
was apparent from the surface etching that their orienta- 
tions were in many cases very different from that of the 
old grains in which they were growing. While Fig. 37 
illustrates the tendency of the new gratis to form in lines 
or bands, the next photograph (Fig. 38) shows another 
field of the same sample where some of the new grains 
had formed at the boundaries of the old grains. Attention 
is drawn to the slightly stepped appearance of the old 


a spécimens, the surfaces of the old grains were 
ound to be intersected with chains of new crystal grains 
which had developed on the sites of the strain lines 
observed in the unannealed samples. The imen 
was deeply etched in order to ascertain whether any 
relationship existed between the orientation of the old 
grains and of the new, but although the etch-pits revealing 
the direction of the crystal in struct ined 








grain boundary where several of the new grains had 


—e Surface off Me 





Fic. 34. 
480°C, Side section. 


xX 100. Reduced 50%. 
Rolled 


Annealed 
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Fic. 36. 100. Reduced 50%. Annealed 
_ 495-605° C, Side section, Rolled <—>» 





Fic. 38 


X 350. Reduced 50%. 
Annealed 520-525° C, 


[Slightly reduced 


developed. In some instances the bands of new grains 

did not terminate exactly at the boundary of the old 

grain, and Fig. 39 illustrates the manner in which the new 

— nee penetrated the original boundary of the 
ormed c 


grain. 

M2 Annealed 535 Deg. to 545 Deg. C.—The new grains 
had somewhat increased in size, but unlike the corre- 
ss samples in the 88 per cent. reduced series, ii 
was only occasionally when examini the *“ 4 
sections that the new ins were found in well-defined 
bands running in a direction at right angles to the 


rolling. 
M8 Annealed 560 Deg. C.—As with several of the 


approximately constant over areas of the old grains 
examined, it was only in exceptional instances that the 





Fic. 35. X 350. Reduced 50%. 
480°C, Side section. 
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Fic. 87. 100. Reduced 50%. 
5 Rolled <——> 


20-525° C. Side section. 





X 350. Reduced 50%. 
Annealed 520-525° C. 


in reproduction. ] 


Fic. 39, 


orientation of the new grains was demonstrated by the 
same method. Inspite of the absence of visible etch-pits, 
the orientation of one grain could be distinguished from 
that of another by the tendency of the surface to etch 
up, in rather vague lines, which as far as could be deter- 
mined remained el within the boundaries of a single 

in, and it was concluded after the examination of 4 

number of fields that no direct relationship exis 

between the orientation of the new ins that of 
the old. Fig. 40 shows a typical field of view, and although 
the ification is not sufficient to show the details 





of the surface etching, it will be noticed that most of the 
new grains are either lighter or darker in appearance than 
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the old ones. Several interesting cases of incomplete 
boundaries were seen at this stage—one of which is shown 
in Fig. 41. Caution must be exercised in the interpreta- 
tion of the photomicrograph, for a certain amount of 
smearing of the surface may have taken place during 


polishing, especially where the crystal grain boundaries 
a am the surface of the metal at a very acute angle. 
(SeeiFig. 6.) 


M9 Annealed 665 Deg. C.—The process of recrystallisa- 
tion" was now completed, and the metal exhibited the 
usual structure of a metal which had been cold-worked 
and afterwards annealed. 

General Observations and Summary.—(1) The original 
crystal grains became roughly “fish” shaped during 
the process of rolling. 





(2) Some of the crystal grain boundaries undoubtedly 
made acute angles with the surface of the “ top ”’ section 





more numerous in the 88 per cent. reduced than in the 
50 per cent. reduced metal, but even in the former case 
old distorted crystal grains existed where the usual 
surface etchings were absent and only faint striations 
were visible, running in the direction of rolling. 

7. A connection appeared to exist between the origi 
orientation of the crystal grains in respect to the direction 
of rolling and the appearance or non-appearance of the 
“slip” or “ fault ” planes. 

8. The orientation of a moderately deformed (50 per 
cent, reduction) grain in the cupro-nickel remained 
approximately constant throughout most of its volume, 
but regions existed where changes of orientation could be 
detected. (See Figs. 16 and 17, page 306 ante). The possi- 
bility of the actual “‘ bending’’ of the crystalline structure 
during deformation is seemingly in opposition to existing 
views, for in their paper on “Crystal Growth and Re- 
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Fic. 40. 100. Reduced 50%. Annealed 
560°C. Side section, Rolled <—» 





Fic. 42. x100. Reduced 50%. 
665°C. Side section. 


Annealed 





Fic. 44. x 360. Reduced 88%. Annealed 


520-540° C. Side section. Rolled <>» 


[Slightly reduced 


of the specimens, and this, ther with a certain amount 
of smearing effect during polishing, perhaps explains the 
apparent duplication of some of the boundaries of the de- 
formed grains depicted in Figs. 12, page 306 ante, and 41. 

Fig. 6 indicates how it is possible for the boundary of a 
flattened grain to make an acute angle with the “top” 
section, 

3. The dark lines or bands which appeared on etching 
the “side,” “ .”’ and “end” sections of the un- 
annealed aE (see Figs. 10 and 12, page 306 ante), 
are really the traces of planes which passed through the 
alloy in directions shown in Fig. 7. 

4. Two sets of planes as illustrated in (A) and (B) 
of Fig. 7, were discovered in the worked metal, but the 
two sets were not found co-existent within the boundaries 
of any single deformed crystal grain. 

5. During the operation of rolling the crystal grains 
were cai to “ P ” or “fault ”’ along the planes 
referred to above. This conclusion is supported by the 
stepped appearance of the crystal-grain boundaries shown 
in Figs. 14 and 15, page 306 ante. 


r 





6. The “slip” or “fault” planes were, as expected, 





Fic. 41. 


x 650, Reduced 50%. Annealed 
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Fic. 48. 100. Reduced 88%. Annealed 
520-540°C. Side section. Rolled <~—>» 
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crystallisation in Metals,’ Carpenter and Elam state : 
“There is no evidence known to the authors that after 
deformation the orientation of a crystal differs in any 
way throughout its extent.” 

9. Samples annealed at temperatures just too low to 
bring about visible recrystallisation showed both the 
aaa etch-bands, and the horizontal striations visible 
in the “‘side ” sections, much more clearly than the un- 
annealed specimens. Apart from their direction, the 
horizontal markings (“‘side”’ section) and the sloping 
etch-bands could be distinguished by the more definite, 
if sometimes more delicate, nature of the former, During 
the early stages of recrystallisation, and before many 
new grains were visible, the horizontal striations some- 
times became very pronounced and after deep etching 
resembled ordinary crystal grain boundaries, except 
that they were often nearly straight and quite finite in 
length. On the other hand, the deep etching of areas 
of the partially annealed specimen where the “slip” 
planes came to the surface merely resulted in the forma- 
tion of chains of rather irre r etch-pits. 


10. The new grains which appea: in the specimens 





treated at the proper annealing temperature were always 
found associated with :— 

(a) Etch bands which represented the traces on the 
surface of the specimen of the sloping “slip ” planes ; 

(6) Striations running parallel to direction of rolling 
(see paragraph 9); or 

(c) Bo ies of deformed crystal grains and mechani- 
cal inclusions. 

Examination of the 88 per cent. reduced metal which 
had been annealed so as to show only a few new ins, 
always revealed these recent arrivals situated in the 
“slip ” planes. 

Viewed from the “ side ”’ section, the new grains were 
not equiaxed, and in most cases were much longer in 
the direction of the neighbouring etch-bands. (See 
be 39 and 40.) 

t was noteworthy that in this t of recrystallisation 
the new grains were not elonga in the direction of 
rolling. When the old grains showing the sloping etch- 
bands (“‘ side ’’ section view) has almost entirely recrystal- 
lised, the process commenced in the old grains marked 
by the horizontal striations. Owing to the more definite 
nature of the striations, as explained in paragraph 9 above, 
the process of recrystallisation appeared essentially 
different from that which was associated with the 
sloping etch bands, and the new grains now Menke 
elongated in the direction of the striations, which were 
themselves parallel to the direction of rolling. (See 
Fig. 28, page 307 ante.) 

A resemblance will be observed between Fig. 23 of this 
paper and Fig. 16 of Carpenter and Elam’s paper on 
x Ste in the Recrystallisation of Aluminium Sheet on 
Heating,” which is reproduced in Fig. 8. 

While, however, the new grains always appeared at the 
boundaries of the old grains in the aluminium sheet, this 
was not so with the cupro-nickel, where the new grains 
were to be found on the striations within the deformed 
crystal grains. 

In some of the deformed grains both the sloping etch- 
bands and the striations influenced the arrival and growth 
of the new grains. Thus Fig. 27, page 307 ante, depicts 
a group of new grains which appeared on the site of a 
sloping etch-band, but some of the members of the 
group showed a decided tendency to elongate along the 
striations, which are also visible in the figure. 

Again, in Fig. 23, p 307 ante, the new grains have 
evolved on the well-defined striations, but one of the 
grains has grown preferentially in the direction of a 
faintly marked etch-band which crosses the striation, 
where the new grain has appeared. 

Figs. 36 and 37 and 40 reveal the fact that some of the 
old crystal boundaries in the deformed metal had little 
to do with the new grains which were produced on anneal. 
ing. Where early recrystallisation took place at old 
crystal boundaries, it is suggested that the cause is to be 
found in the excessive straining at or near the boundary 
in question and not to some special property of the 
boundary. Reference is again made to Fig. 38, which 
illustrates the new grains forming at the old grain 
boundary and also within the body of the grain at the 
same time. That the old grain boundaries do not 
present obstacles to the growth of new grains is indicated 
in Fig. 39, where a band of new grains has evidently 
grown across an old grain boundary. 

Some of the experimental facts connected with re- 
crystallisation are explained by the following rather 
crude theory :— 

(a) The etch bands are the traces of planes along which 
slip has taken place during rolling. 

(b) These planes, or rather zones, contain a certain 
amount of amorphous material in which are embedded 
crystalline fragments of débris rubbed from the crystalline 
grains during the process of “slipping” or “‘ faulting.” 

(c) On annealing these fragments grow chiefly into the 
amorphous material and give rise to bands of new 
crystals, which cén be seen in the partially annealed 
specimens, Fig. 36. 

(d) Since more amorphous material will be available 
in the direction of the strain planes, the new crystal 
grains will naturally grow more readily in these directions 
and thus produce the elongated grains visible in Fig. 40. 

(e) The crystalline fragments which form the neuclei 
of the new grains will from their mode of formation be 
orientated (as regards their crystalline structure) quite 
at random in respect to one another and to the crystalline 
grain from which they were detached. 

This Pesan the appearance of new crystal grains with 
widely different orientations—an experimental fact which 
certainly does not conform to the view that during cold- 
working the old crystal grains are separated by amorphous 
material into sections of slightly different orientations, 
and that these comparatively large sections give rise to 
the new grains on annealing and determine their crystal- 
line orientations. Were this the case, the new grains 
produced on partially annealing a specimen of moderately 
cold-worked cupro-nickel could be considered in groups 
—each group corresponding with one of the distorted 
grains, and the orientation of the grains of each group 
would remain almost constant throughout. This is the 
outcome of the fact that the structure of the distorted 
grains previous to annealing is revealed by etch-pite, and 
except for a few regions is known to remain approximately 
constant within the borders of any single grain. 

That the recrystallisation follows the strain or “ slip” 
planes indicated in Fig. 7, can be seen from Figs. 19 20 
(“side section), Fig. 21 (“‘end” section), and Figs. 
25 and 26 (“‘ top ” section), on page 307 ante, 

Fig. 9 shows quite simply the condition of the cold- 
worked metal according to the above theory. 

(a) Amorphous material in which the crystalline 
fragments are embedded. 

(c) Comparatively large masses of crystalline material 
from which the fragments were detached. 

11. U 1 feat were detected in the last s 
of recrystallisation—-that is, when the last portions of the 
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non-recrystallised metal were being invaded by the new 
grains. Deformed ins characterised by the striations 
in,the direction of rolling were the last to recrystallise, and, 
provided that the ing temperature was suitably 
regulated, gave rise to abnormally large new grains, as 
will be seen from Figs. 29 and 31, page 307 ante (‘‘ end” 


section). It is engeee that for some reason, prob- 
ably connected with the original orientation of such a 
grain before rolling, few centres of isation are 


available, and these only become active at an unusually 
high annealing temperature. 

At @ certain stage in the annealing process some of the 
old crystal ins, characterised by their sluggishness 
in recrystallising, appeared much darker after etching 
than the new grains growing in and around them. 
Fig. 43 shows the general contrast in the surface aspect 
of the old and new crystal grains after etching, and 
Fig. 44, taken at higher ogee. demonstrates 
that the old or ised material has been 
roughened to a ter extent by the action of the gre 
reagent than new I sary visible in the same field. 
Tt is of interest to note that Carpenter and Elam observed 
that in certain cases the new crystals which became 
apparent on annealing worked aluminium sheet were 
white in contrast with the non-recrystallised material, 
which was darkened or roughened by the etching reagent. 

12. In order to ascertain whether the deformed 
crystal grains “ grew” to an appreciable extent during 
the operation of annealing, speci marked with 
fine scratches were employed, but as they had to be 
repolished after each heating accurate measurements 
were not attempted. It was concluded that when 
recrystallisation had proceeded to the stage shown in 
Fig. 45 the outline of the deformed grains had not 
shown signs of movement, 

The author desires to acknowledge his indebtedness 
to Professor C. H. Desch, D.8e., Ph.D., for his super- 
vision of the above investigation, and also to Messrs. W. 
and H. Turner, of Sheffield, who undertook the rolling 
of the samples. The work was carried out in the 
laboratories of the Department of Metallurgy of Sheffield 
University with the assistance of a grant from the 
Department of Scientific and Industrial Research. 








Exectric Steet CasTIncs IN CANADA AND THE 
Untrep Srates.—We read in The Iron Age, New York, 
that out of 22,409 tons of steel castings produced in 
Canada last year, 13,984 tons, or 62-4 per cent., were 
made in electric furnaces. And this was done in a year 
of depression when the country’s total steel output fell to 
56,000 tons per month, from 92,000 tons per month in 
1920. The Best record in the production of electric 
steel castings in the United States was in 1920, when the 
castings made in electric furnaces were only 12-4 per 
cent. of the total, and the United States leads the world 
in the use of the electric furnace. Electric power is 
cheap in Canada and the stecl foundry is profiting thereby. 





Coat us Carna.—The Ching Hsing Coal Company, 
operating in South Shangtung, plans to sink a new pit 
to augment its daily output in t years time to 3,000 
tons in place of the pocnent output of 1,500 tons. The 
Japanese Fushun Collieries in Manchuria have planned a 
ten-year programme of improvements and extensions. 
Their present daily output is 10,000 tons, but according 
to plans for the period ending 1929, the output is to be 
raised from 3,000,000 tons to 8,000,000 tons a year. 
The improvements include the laying down of a plant 
for the extraction of petroleum: from the oil in the shales 
above the coal seams. Within three years the Sino- 
British Kailan Mining Administration hopes to increase 
its daily output from 15,000 tons to 20,000 tons. The 
improvements consist in the sinking of a new mine of 
5,000 tons capacity, enlarging the existing coal-washing 
plant, erection of by-product ovens, and the construction 
of a new wharf at Tangku. The Pekin Syndicate has 
increased its daily coal output to nearly 4,000 tons from 
2,300 tons by the opening of several new pits. The 
Pei Piao Coal Company, operating near Chao-yang, 
Chihli, has a capital of 5,000,000 dols,, half of which has 
been subscri by merchants and the other half by the 
Peking-Mukden Railway. The coal has been found to be 
an excellent steam coal, suitable for locomotive and 
marine boilers. A ments are being made for con- 
struction of a branch line from the Peking-Mukden 
Railway to the coalfield. The Men Tou Kou Coal- 
Mini Company owns a ion at Mentoukou, 
16 miles from Peking. This is a enoee organisa- 
tion with a capi of 1,000,000 dols. Its output, 
anthracite, is the popular household coal of Peking. 
The Tung Pao Campany. Tatung, Shansi, has a capital of 
3,000,000 dols., rai by Shansi merchants in co- 
operation with Cantonese. The coalfield has two kinds 
of coal, smokeless at the top, and high-class steam for 
locomotives and steamers at thé bottom of the coal- 
bearing series. The Liu Ho Kou Collieries in Honan 
penny ame to increase their daily output from 600 tons 
to 1,500 tons within two years time. A standard ga 
railway has been built to Fenglochen, ve comy A, 
narrow-gauge railway. The Chihli Lincheng ines 
will increase their daily output to 1,500 tons through 
the sinking of a new shaft. Speaking on the annual 
dinner of the China Institution of Mining and Metallurgy, 
held at Peking on December 28, Mr. K. Y. Kwong 
(vioe-president), in an address on “‘ The Mining Industry 
in China,” said that in his opinion the total annual coal 
production for China was between 20,000,000 tons and 
25,000,000 tons. The annual production of the Hanyeh- 
ping Company’s Collieries at Pi i is about 
1,000,000 tons ; that of Chinghsing the Mining Adminis- 
tration about 360,000 tons ; and that of Okura and Co.'s 
mines at Penchihu about 300,000 tons. 








THE EFFECT OF IMPURITIES ON RECRYS- 
TALLISATION AND GRAIN GROWTH.* 


By the Research Staff of the General Electric Company, 
“ee (Work conducted by Major C. J. SmrrgEetxs, 


Tuts research was undertaken to determine the effects 
of small quantities of impurities in tungsten on the 
structure yp we on annealing. 

The paper is divided into three parts, dealing with :— 
_ 1. Experimental work showing the effect of impurities 
in modifying recrystallisation and crystal growth in 
worked tungsten. 

2. The explanation of these facts by a new h 

3. A critical survey of existing literature on the subject 
of recrystallisation and crystal growth in worked metals 
in the light of these results, 


othesis. 


Part I,—ExpEeRIMENTAL. 


Preparation of the Metals.—A series of batches of 
tungsten con i accurately known amounts of 
different impurities have been used in this research. 

The ore used was scheelite, a natural calcium tungstate 
containing chiefly iron and silica as impurities, together 
with traces of nearly all the elements. This was di 
with hydrochloric acid, leaving a residue of silica and 
tungstic oxide, from which liquid was decanted. 
After washing, the tungstic oxide was dissolved in 
ammonia, filtered, and recipitated with boiling 
hydrochloric acid. The oxide was washed and dried, 
and contained 99-95 per cent. WO;. The impurity 
remaining was 0-05 per cent. calei tungstat This 
oxide was redissolved in ammonia and reprecipitated, 








; 3 Ne 
Si NO ie ee 


Fic. 1. Tunesten Contarnrne 0°1 per Cent. 
ALuMINA. ANNEALED FOR 600 Hours IN 
PRESENCE OF PHosPHORUS VaPpouR. xX 1000. 


and after washing and drying was considered “‘ chemically 
= All the metals used were prepared from this 
oxide, 

Metal A (99-95 + per Cent. Tungsten).—The oxide 
was dissolved in ammonia, and the solution of ammonium 
tungstate evaporated and allowed to crystallise. The 
first crop of crystals only were taken, and ignited to give 
pure tungsten oxide. 

The pure oxide was reduced in h 
and the resulting metal powder p 
and drawn into wire in the 
paration of ductile tungsten. 

Metal B (0-01 per cent. AlgO3, 0-1 per cent. Si02).— 
The oxide was heated to about 900 deg. C. in a fireclay 
crucible before reduction. This ts in the intro- 
duction of small quantities of alumina and silica into the 
oxide. The amount introduced varies with the con- 
ditions, and in this metal 0-1 per cent. of each oxide was 
found by analysis. After grinding and sieving the oxide 
was reduced, &c., as before. During the sintering 

rocess about one-half the silica introduced is volatilised ; 
ut for comparison it is convenient to refer to the amount 
introduced into the various oxides. The proportion of 
silica lost is found to be roughly constant in all cases. 

Metal C (0-7 per cent. ThO2).—The oxide was made 
into a creamy paste with water and a solution of thorium 
nitrate, containing the calculated quantity of ThO2, was 
intimately mixed with it, stirring being continued during 
evaporation to dryness. After grinding and sieving a 
very uniform distribution of the thoria was obtained. 

uction, &c., followed as before. 

Metal D (0-7 per cent. ThO2, 0-2 per cent. CaO).— 
This was ared in a similar manner, the calculated 
yy of CaO being introduced as chloride with the 

orium nitrate, 

Metal E (0-1 per cent. Na2O, 0-25 per cent. ThOd) ; 
Metal F (0-1 per cent. Na2O, 0-5 per cent. ThO2) ; 
Metal G (0-1 per cent. Na2O, 0-75 per cent. ThOs) ; 
Metal H (0-2 per cent. NazO, 0-75 per cent. ThOo.— 
The oxide was made into a paste as before, and the 
calculated quantity of a solution of sodium chloride 
stirred in. Thorium nitrate solution was then added, 
and evaporation to dryness carried out as before. An 


n in silica tubes, 
, sintered, swaged 


manner for the pre- 
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interesting observation, which has an important bearing 
on the discussion in a later part of this ae, was made 
after the reduction. In all the metals containing sodium 
small purple-red crystals could be picked out under 
the microscope. The silica tube in which the reduction 
was carried out became coated on the inside, after 
frequent use, with similar metallic-looking crystals. 

hen tungstic oxide and a sodium salt are reduced 
at a high temperature, sodium tungsten “ bronzes” are 
formed. These vary in colour and in composition, and 
their constitution is unknown. The formula ascribed by 
Philipp to. the purple red crystals is NagW;0O9, and our 
analyses given below confirm this composition, although 
great accuracy has not been possible with the small 
amounts separated from the metal powder. 


Found. Calculated. 
Tungsten 75-10 74-4 
Sodium 4-74 6-20 


The bronze has a metallic lustre, crystallises in the 
cubic system, and is hard and brittle. It is not affected 
by acids or alkalis. Roscoe and Schorlemmer state that 
it is attacked by hydrofluorie acid, but we have not been 
able to detect any action even on boiling with a mixture 
of hydrofluoric and nitric acids. The subsequent fate 
of these bronze crystals is discussed later in the paper. 

Metal J (0-1 per cent. Na2O, 0-2 per cent. SiO.) ; 
Metal K (0-1 per cent. Naz2O, 0-4 per cent. SiO2).— 
The tungstic oxide was dissolved in caustic soda and a 
quantity of sodium silicate, calculated to introduce the 
requi amount of SiO, was added. Precipitation of 
the tungstie and silicic acids was effected with hydro- 
chlorie acid, and the precipitate washed and dried. It 
was found that by this method about’0-2 per cent. of 
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Fic. 2. Tunesten ContarninG 0:1 PER CENT. 
ALumINA. ANNEALED FOR 600 Hours IN 
ABSENCE OF PHosPHOoRUS VaPouR. xX 1000. 


sodium chloride was absorbed by the tungstic acid, 
and could not be removed by subsequent washing. 
Metal L (0-1 per cent. Na2O).—As has been stated, 
during the normal sintering process about one-half 
of the added silica is volatilised. By maintaining the 
ingot at a temperature of 3,300 deg. K. for 1 hour the 
whole of ae silica can be volati - Metal L was 
prepared in this manner, by removing the silica from 
an ingot of metal J. The sodium content remains 


unc. . 

M M (0-35 per cent. Cs20, 0-7 per cent. ThO2) ; 
Metal N (0-12 per cent. K20, 0-2 per cent. CaO, 0-7 per 
cent. ThO2).—These metals were , soceeees in the same 
manner as the co ing me containing sodium, 
solutions of cesium ide and potassium chloride being 
used. The accuracy of composition achieved in the 
preparation of these metals was tested in nearly every 
ease by making several independent batches. The 
characteristic structure of each metal, obtained on 
annealing, was always roduced. ; 

Mechanical Work on Metals.—The usual methods 
of working tungsten were followed, and as accounts of 
this have been published, only the main points bearing on 
the discussion will be referred to. The grain growth 
phenomena which occur during sintering have been 
described by Jeffries. In these experiments all the metals 
were sintered under identical conditions of time and 
temperature, the fineness of the metal powder being 
controlled to give an ingot containing from 1,500 grains 
to 2,500 grains per square millimetre. The metal was 
then swaged to 0-7 mm. diameter, and thereafter drawn 
through dies to 0-04 mm. diameter. In the earlier 
stages of working the temperature of the metal was 
1,650 deg. K., and the temperature was lowered pro- 
gressively as the work proceeded. The whole reduction 
must be considered as cold-work, as there was no evidence 
of grain growth taking place at any stage. The reduction 
in area by this work was 99-997 per cent., which is very 
severe. The wire was then wound cold in spiral form 
on @ mandrel 0-18 mm. diameter, and with a pitch of 
0-055 mm. This was the form in which the wire was 
annealed in the experiments which follow. It is 
important to bear in mind that the material has under- 
gone two distinct forms of deformation—first drawing 
(or shear) and second bending (compression and tension). 
The two deformations produce results on annealing which 


aah 








MakcH 17, 1922.] 


ENGINEERING. 


343 








are less marked in metal which had been drawn only, 
and will be referred to later. 

Annealing.—The spiral wires were mounted as fila- 
ments in gas-filled incandescent lamps, and annealing 
was effected by applying a voltage to the lamp, sufficient 
to raise the temperature of the filament with extreme 
rapidity to 2,500 deg. K. This temperature was used 
throughout, and was selected because the particular 
effects under observation are more marked than at lower 
temperatures. It also eliminates the possibility of 
Jeffries’ exaggerated growth due to temperature ients 
since all parts of the wire are considerably above the 
‘* germinative ”’ temperature. A series of filaments was 
made with each metal, and annealed for periods varyii 
from a fraction of a second to 1,000 hours. Longitudi 
sections of the spiral were then prepared in the manner 
described in a previous r.* Such a series indicates 
the various stages in the development of the crystal 
structure. 

Observations of Crystal Growth. General.—By this 
method of following crystal growth all that can be seen 






tet i 


Fie. 3. Metat E. 0:25 per Cent. TxO,, 
0-10 per Cent. Na,O. 





Metat G. 0°75 per Crent. THO,, 
0:10 PER Cent. Na,0. 


Fie. 5. 





ata) 


contain the same amount of sodium, and differ 





equilibrium is attained after 24 hours, but mov t of 
the grain boundaries is still taking place after 1,000 hours. 
By this time nearly all the crystals occupy the full cross- 
section of the wire, and there is a uniform tendency for 
them to be longer than their diameter. 

Metal B (0-1 per cent. AlgOz, 0°1 my cent. SiO2).— 
These small quantities of impurity do not materially 
affect the crystal structure. The metal is chiefly of 
interest in indicating the final distribution of the 
alumina, After burning 300 hours the wire becomes 
exceedingly brittle at the grain boundaries, even in the 
cold, This is due to the my crn of the impurities 
at the grain boundaries, and more particularly at the 
junction of several grains. These impurities are difficult 
to observe under the microscope, but their position can 
be determined indirectly. If the filament is heated to 
2,500 deg. K., in the presence of phosphorus vapour, the 
alumina is reduced, and the phosphorus oxide and 
aluminium both volatilise. On polishing, black pits 
can be seen, which are found on etching to lie at the 
grain boundaries, and indicate the position occupied by 
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is the structure developed after a given time, under 
constant conditions. The actual growth or movement 
of boundaries cannot be observed, nor is it possible to 
mark a given area and photograph it at successive 
intervals in the manner developed so successfully by 
Carpenter and Elam. Owing to the extremely fine grain 
of tungsten wire, both after the final drawing and in the 
early stages of recrystallisation, no information concern- 
ing these steps has been obtained. In what follows the 
work of Carpenter and Elam, on the birth of new crystals, 
is accepted as fundamental, and applying equally to 
tungsten or to any other metal. It is assumed, therefore, 
that recrystallisation of the cold-drawn wire has taken 
place by the birth of new crystals in the grain boundaries, 
and their absorption of the old grain material ; and that 
this has been followed by grain growth ; but that both 
these processes proceed with such high velocity, and 
involve such minute crystals, as to escape observation 
in our experiments. A short account of the c 
in crystal structure on annealing, in each of the metals 
will now be given. 

All the wires have a very fine fibrous structure before 
annealing, and are indistinguishable from one another. 

Metal A (99-95 + per cent. tungsten).—Grain growth 
takes place in the manner usually observed in metals, 
with gradual increase in the average grainsize. Apparent 
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thealumina. This is illustrated in Figs. 1 and 2, showing 
filaments annealed 600 hours with and without 
ney my vapour. The pits which are formed appear 
too large to be accoun for by the removal of the 
aluminium oxide only, and we have other evidence in 
support of the view that some tungsten volatilises after 
the pits have been once formed. 

Metal C (0-7 per cent. ThO2).—A comparison with 
metal A, shows the restraining influence of thoria on 
grain growth, confirming the results of Jeffries. After 

1,000 hours, the metal still has a finer grain 
than pure tungsten annealed for 2 hours, The distri- 
bution of the thoria can be seen directly under the micro- 
scope in favourable circumstances. Thorium oxide is 
reduced by phosphorus in the same way as alumina. 
The metallic thorium is not volatili appreciably, 
however, at this temperature. The reduction of the 
thoria is followed immediately by rapid pain growth, 
and the structure of pure tungsten is developed in a few 
hours. The metallic thorium probably alloys with the 
t ten and offers no resistance to grain growth. 

etal D (0-7 per cent. ThO2, 0-2 per cent, CaO).— 
The results obtained were identical with those described 
for metal C, 

Metals E, F and G.—Very interesting results have been 
obtained with metals containing sodium, and it is the 
exaggera in growth which occurs in these metals 
that we wish chiefly to bring to notice, These three 





only in the thoria content. 

Metal E (0-1 per cent. NagO, 0-25 per cent. ThO2).— 
A grain growth velocity lying between that of pure 
tungsten, and tungsten containing 0-7 od cent. ThOe 
was observed. This would be expected from the slight 
resistance offered by the small amount of thoria. Fig. 3 
shows this metal after annealing 2 hours. 

Metal F (0-1 per cent. NagO, 0-5 per cent. ThOe).— 
This metal exhibited the first signs of exaggerated 
grain growth. After annealing 1 minute, the majority 
of the grains are small. Ati intervals, however, 
portions of the wire are found to consist of a single large 

occupying the whole cross-section of the wire. 

he average length of these crystals is about 10 times 

their diameter. Further annealing does not materially 

alter these, but the remaining structure becomes coarser. 
Fig. 4 shows the structure after 2 hours. 

Metal G. (0-1 per cent, NagO, 0-75 per cent. ThO2).-— 
The ex rated growth is much more marked in this 
metal. structure which develops in the first minute, 
and does not alter appreciably on further annealing 
consists of patches of ys oe metal separated by 
one or more long crystals. The average ~ of the long 
crystals in this metal is from 50 to100 times their diameter. 
Fig. 5 shows a portion of a single crystal occupying 
several turns of the spiral. 

Metal H (0-2 per cent, NapO, 0-75 per cent. ThO?).— 
The same structure develops in this metal after annealing 
1 minute. The proportion of long crystals in the wire 
has increased, although they are not on the average 
longer than those in the last metal. The condition of 
apparent equilibrium is attained with extreme rapidity, 
and no su uent _ growth, except for a slight 
coarsening of the fine material, is observed. The 
structure is shown in Fig. 6. In these metals, which 
rapidly develop long crystals, the thoria probably lies 
in the grain boundaries of the fine-grained material as 
before. The photomicrographs also reveal the presence 
of thoria distributed reer the long crystals, where 
the particles appear as black specks. This is clearly 
shown in Figs. 5 and 6. On prolonged annealing these 
particles segregate in the boundaries, and presumably 
also at the Sontase of the wire, and the crystals appear 
much cleaner after burning 600 hours. That these specks 
are thoria is seen by comparison with a section of metal K 
in which the same structure is developed in the absence 
of thoria. The crystals in this case are perfectly clean 
and white. 

Metal J (0-1 per cent. Na2O, 0-2 per cent. SiO02g).— 
The structure developed is of the same type as in other 
metals containing sodium. The grains are in general 
considerably coarser, and the long crystals less easily 
distinguished, as their length is seldom more than four 
or five times their diameter. 

Metal K (0-1 per cent. Na2O, 0-4 per cent, 8iO02).— 
Increasing the amount of silica present in the metal 
favours the development of long crystals. In this metal 
single crystals are formed 300 times as long as their 
diameter in 1 minute, and the fine-grained material is 
reduced to a minimum. Photomicrographs show the 
very rapid development of this structure. Crystal 
growth has practically ceased after annealing for 
1 minute. 

Fig. 7 shows the structure of the fine-grained material 
at higher magnification, and the various orientations of 
grains can be seen from the etching effects. Fig. 8 shows 
the boundary between the fine material and a long 
crystal, only part of which appears in the photograph. 
Fig. 9 shows the junction between two long crystals. 
This is taken at a magnification of 1,500, and the different 
orientation of the two grains is seen from the etching 
pits. Fig. 10 shows a small grain enclosed in a long 
crystal. This is typical of these metals. 

The silica in these metals lies in the grain boundaries. 
It has already been mentioned that some silica is 
volatilised during sintering. Volatilisation continues 
more slowly at the annealing temperature, but is almost 
complete after 600 hours, and results in the development 
of pits at the grain boundaries, The pits are develo 
in the absence of any reducing agent, and are therefore 
distinct from a similar appearance produced by the 
reduction of alumina. 

Metal L (0-1 per cent. Na2O).—The removal of the 
silica from the last metal destroys its power of exag- 
gerated growth. With sodium oxide as the cay 
impurity, a structure similar to that of pure tungsten is 
developed. 

Metal M (0-35 per cent. Cs20, 0°7 per cent. ThOg) ; 
Metal N (0-12 per cent. K20, 0-2 per cent. CaO, 0-7 per 
cent. ThO2).—These metals are the same as metals 
C and D, but with the addition of an alkali. The develop- 
ment of the long crystals was well marked in both cases 
showing that both potassium and cesium have the same 
effect as sodium in promoting exaggerated growth in the 
presence of thoria. 

The Effect of Impurities.—General,—Looking at the 
results obtained on annealing the various metals just 
described, some broad generalisations may be made on 
the effect of different types of impurities introduced into 


tungsten. 
Insoluble Impurities.—Thoria and lime have a definite 
restraining influence on grain growth. Metals con- 


taining these impurities exhibit very little grain growth 
after annealing for 1,000 hours, even under conditions 
when, in their absence, growth proceeds rapidly in the 
first hour. Alumina has the same effect to a less > 
Metal containing more than 0-2 per cent. of this oxide 
has been found difficult to work, and accurate comparison 
with thoria has not been made. Silica offers a still 
smaller resistance to i h. The restraining 
effect of these oxides is also shown in metals containing 
sodium as far as concerns those portions of them not 
occupied by long crystals. There is a gradual sup- 
pression of grain h in the fine-grained material 
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of metals E, F and G with increasing thoria, The same 
effect is found in J and K, with increase in silica. After 
annealing at the temperature used in these experiments, 
all these oxides are found to segregate at the grain 
boundaries, and more particularly at the junction of 
several grains. When long crys are formed rapidl 
thoria remains for some time in the body of the pot 
but eventually moves to the grain boundaries. In this 
connection the statement of Carpenter and Elam that 
‘‘in worked and annealed metals they [impurities] 
either pass into solution or remain scattered through- 
out the crystals quite independently of the ([grain-] 
boundaries ’’ requires modification. It would appear 
from our experiments that if annealing is carried out for 
a sufficient time at an elevated temperature insoluble 
impurities will eventually occupy the grain boundaries. 
These results are summarised as follows: (1) Impurities 
which remain undissolved in a metal segregate in the 
grain boundaries on annealing, provided sufficient time is 
given at a sufficiently elevated temperature. (2) The 
presence of impurities in the grain boundaries hinders 
crystal growth, 

Soluble Impurities.—_We now come to a consideration 
of those metals in which exaggerated growth takes place. 
All the metals in which long crystals are formed contain 
sodium, or one of the alkali metals. These metals 
combine with tungsten and oxygen to form “ bronzes ” 
which, it will be shown later, are soluble in tungsten. 
Exaggerated growth does not, however, occur when 
sodium alone is present. A second impurity, of the 
insoluble type, is also necessary. 

The frequency with which the long crystals occur, 
and their length, depend both on the amount of sodium 
and on the amount and nature of the insoluble impurity. 
Metal L with sodium alone shows the structure of pure 
tungsten, Metal E, with 0-25 ag cent, ThOe2, shows 
some restraint, but no long crystals. In F (0-5 per cent. 
ThOpe) the first signs of cmngerroae’ rowth occur. The 
crystals are not of great length, and the remaining grains 
are coarse. G (0-75 per cent. ThOg) shows a further 
increase in both the length of the crystals and the 
fineness of the remaining grains. H contains the same 
amount of thoria, but twice as much sodium. The 
crystals are more frequent but of no greater length. 
The metals containing silica and sodium show the same 
progression. In J (0-2 per cent. SiO2) the ag ane grain 
size is large, and the long crystals only slightly developed. 
Increasing the silica to 0:4 per cent. in K results in a 
greatly increased length of crystal, and a corresponding 
fineness of the remaining grains. In general, increasing 
the resistance to grain growth favours the development 
of long grains. Jeffries found that increased restraint 
had a similar effect in promoting exaggerated growth 
when a temperature gradient was maintained, and it will 
be shown that the two phenomena are closely connected. 


Part II.—Tue Vapour Pressure Hyporuesis. 


We find that tungsten containing both thoria and 
sodium develops long crystals on annealing, whilst a 
similar metal containing thoria only remains fine grained. 
The effect of strain will be omitted from the present 
discussion. The two metals were made and worked under 
identical conditions, and we shall assume the strains are 
the same in both. An observation which has already 
been mentioned is of fundamental importance in this con- 
sideration. In all cases where sodium has been present, 
minute crystals of tungsten bronze have been invisible in 
the metal powder. These crystals can be heated to a white 
heat in hydrogen without decomposition. By means of 
spectroscopic analysis we have found that the amount 
of sodium existing in the wire after annealing for 600 
hours at 2,570 deg. K is the same within 10 per cent. as 
was present in the original metal powder. This is taken 
as evidence that the sodium remains in combination as 
tungsten bronze, as no other compound of sodium is 
known which would not volatilise under these conditions. 
The development of the long crystals points to the 
existence of small grains, or nuclei, with a power of 
exaggerated growth, being situated at intervals along 
the wire. The significant fact that these long crystals 
only develop in metals in which we have detected the 
bronze particles points to a possible connection between 
the two. 

On sintering the ingot, the crystals of bronze are 
absorbed by ‘the growing t ten ins, forming solid 
solutions. We have not yet n sbie to identify these 
crystals at this stage, owing probably to the fact that both 
tungsten and bronze are extraordinarily resistant to 
ordinary etching reagents. As sintering is carried out 
300 deg. to 400 deg. below the melting-point, diffusion 
will be slow, and owing to the inhomogeneity of the 
original powder there will not be a uniform distribution 
of solid solution. After drawing into wire, the first 
annealing produces a very refined structure, but the new 
grains will again vary in composition. Consider now one 
grain which contains a certain amount of bronze in 
solid solution, and is situated t ins of similar 
size, but of pure tungsten. T will have a 
definite vapour pressure, which is manifested by a 
tendency of the atoms at the surface of the grain to shoot 
off and “‘condense’’ or re-orient themselves on the 
adjacent grain. This conception of vapour pressure 
gives a physical significance to what is usually referred 
to as the ‘‘ mobility ” of the atoms of a crystal. When 
two crystals or grains in contact have the same vapour 
pressure, the transference of atoms is equal in each 
direction—that is, no appreciable grain growth occurs. 
This view of the pon mare ys of — is in conformity 
with the generally accep idea of boundary migration 
as op to coalescence. Further evidence that grain 

ro is due to @ process in every way analogous to 
istillation will be brought forward later in the Rarer: 
bahay meng: ee: yes gegen issolved 
bronze be less than that of a pure t ten grain. 
More atoms will arrive at its surface from 





tungsten 





grains in a given time than will leave it. In other words, 
the solid solution or “ bronze grain ‘#will grow at the 
expense of the tu n pane . This process will 
continue, but at a continually reduced velocity as the 
concentration of the “ bronze grain” is reduced by the 
absorption of pure tungsten. 

At this stage another factor promoting exaggerated 
ore comes into play, aelaety, grain-size contrast. 

Ithough opinion is not unanimous on the effect of this, 
further evidence, both experimental and theoretical, will 
be produced later in the paper. In the meantime it will 
be assumed that large grains in general tend to absorb 
small ones. As soon as the “ bronze grain ’’ has absorbed 
some of its neighbours, its increased size alone will enable 
it to continue absorbing the small grains with which 
it comes in contact. This will proceed with increasing 
velocity until either (1) the growing grain comes in 
contact with another of similar magnitude, or (2) the 





resistance to grain gras offered by insoluble impurities 
is sufficient to check its progress. Both these conditions 
of apparent equilibrium are found. The part played 
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Fie. 9. JUNCTION BETWEEN Two Lone CrysTALs, 
SHOWING DIFFERENCE IN ORIENTATION. X 1500. 


on the effect of dissolved impurities in metals, in pro- 
ing exaggerated growth, at first remarkable. 
The explanation would seem to lie in the fact that all 
commercial metals, at some stage of their manufacture, 
are molten, and that variation in the composition of 
different crystals is thereby largely eliminated. The 
metals used in this research, on the other hand, were 
ressed from powder admittedly inhomogeneous, and the 
highest temperature su uently reached ve no 
ye sg etme A for complete diffusion. Whilst therefore, 
the thesis developed to account for what is probably 
@ unique case will not find immediate application in 
pox prec | results obtained in other fields, it has led to 
the consideration of the whole question of crystal growth 
and isation from the new point of view of vapour 
pressure. This view has been extended to cover the 
wider field of recrystallisation and crystal wth after 
deformation under ordinary conditions ; and the theory, 
in the light of which the results of other workers are 
reviewed, is put forward in the belief that although not 
fully established it affords a more complete and more 
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by the insoluble additive, and the necessity for its 
presence, if ex: rated growth is to take place, is now 
clear. In the absence of a restraining additive, the small 
tungsten ins absorb one another with such rapidity 
that the “ bronze grains ” never attain a size sufficiently 
above the ave for exaggerated growth to proceed 
appreciably. This was found in metal J, where the 
coarse grains developed by the weakly restrained tungsten 
were with difficulty distinguished from the slightly 
larger “ bronze grains.” The gradual transition is also 
observable in the series E, F, and G with increasing 
thoria. A similar phenomenon has been observed b 

Jeffries, who found that the formation of large ceyutale 
produced by “ temperature ” or “strain” gradients was 
accelerated by increasing the resistance to grain-growth. 
The view put forward may be summarised under: 
(1) Grain growth after recrystallisation takes place by 
@ process analogous to distillation; (2) the growth of 
one grain at the expense of its neighbours will take place 
if its vapour pressure is lowered ; (3) the lowering of 
the vapour pressure may be caused by a dissolved 
substance ; (4) this process is exaggerated by the addition 
of insoluble substances which restrain the growth of the 
normal grains; (5) exaggerated wth continues 
because of the grain size contrast developed by the 

Trocess 





Pp ; 
The absence of similar observations by other workers 


ANNEALED One MINUTE. 


consistent explanation of the known facts than has yet 
been given. 


Part IlI.—Tse Generar THEORY. 


1. Introduction.—Before discussing the theory, we wish 
to make quite clear that we adopt views in re _to 
several —- on which we are aware that the opinion 
of metallographists is not unanimous. 

The theory is based on an tance of the amorphous 
theory of Beilby, and some of the further developments 
of it by Rosenhain, Jeffries and others. This theory is 
so well known that it is un to give more than 
the main features which affect the argument. It rests 
on an assumption of the existence of a layer of amorphous 
metal between the crystal grains, and that plastic deform- 
ation increases the amount of this material between the 
grains, and also generates it at the places of slip within 
the crystals. These views appear to offer the best 
explanation of all the facts, and we believe that their 
further development in what follows serves to strengthen 
the evidence in their favour. The amorphous theory, 
however, has not yet led to a satisfactory explanation 
of the forces which are operative in producing recrystal- 
lisation and crystal growth, nor of the manner in which 
the energy of deformation which gives rise to growth is 
stored within the metal. The most recent work on re- 
erystallisation and crystal growth is that of Carpenter 
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and*Elam on aluminium, and the results of their experi- 
ments will be largely used in developing the theory, 
although we are not in entire agreement with the inter- 
pretation they put upon their results, oe 

2. Effect of Strain.—The first question is whether, 
adter a certain small deformation, it is the severely 
* strained grains which grow at the expense of their less 
strained neighbours, or whether the reverse is the case. 
Carpenter and Elam have put forward the view that 
it is the more strained crystals which grow, though they 
consider that the other crystals must all be strained to 
some extent before they can be absorbed. Evans, 
in a discussion of their paper, opposed this view, and 
suggested that it was possible that the severely strained 
cane re-oriented themselves on the less strained grains. 

= al and Elam do not accept this, and bring as 
evidence the fact that increasing the strain decreases 
the size of the crystals produced. It appears to us, 
however, that there is nothing in their experiments which 
is not as satisfactorily explained by Evan’s suggestion 
as by their view. If we assume that the severely strained 
grain is absorbed by a less strained or unstrained neigh- 
bour, the same results would follow. If the strain is 
below a certain value, no grains are er strained 
to be absorbed. A slightly greater strain will produce 
a few grains sufficiently strained to be absorbed by a less 
strained neighbour. The large grain thus formed will 
absorb its smaller neighbours, in the same manner as the 
large grain which would be similarly formed if the 
reverse process took place. Increasing the strain in- 
creases the number of grains capable of being absorbed, 
with the result that the final structure will consist of 
more, and therefore smaller grains. There is therefore 
nothing in Carpenter and Elam’s experiments in conflict 
with this view. 

We have found moreover, that in many of the metals 
described in this paper, which show exaggerated growth, 
the length of the crystals formed in a given time is always 
much greater if grown in a spiralled wire than they are if 
the same wire is annealed without spiralling. If the 
strained crystals grow at the expense of the unstrained, 


accounted for by a difference in strain between the large 
and small ins. 

The fact that apparent equilibrium is attained even 
in the purest metals, such as the gold used by Rose, seems 
to be due to the extraordinary slow rate at which wth 
proceeds after the grain size has become large. It was 
shown in a previous paper* that although the grain size 
in metal B, after annealing 20 hours, had not visibl 
altered after 1,000 hours, there was evidence whic 
showed that a movement of the grain boundaries had 
actually taken place. 

The idea we wish to put forward, and which we believe 
accounts satisfactorily for the known phenomena of 
crystal growth, rests upon the hypothesis that all 
crystal growth occurs by a process of distillation, That 
is to say, that all crystals exert a certain vapour pressure, 
and that the vapour pressure of any crystal in a metal 
depends upon several factors. At the surface between 
two tals there is a constant evaporation of the 
molecules of each crystal into the amorphous material 
between them and a condensation of molecules upon 
their surfaces. If evaporation takes place more rapidly 
from one crystal than from the other—that is, if their 
vapour pressures are not identical—more molecules will 
condense on the crystal of lower vapour pressure than 
will leave it. The crystal of low vapour pressure will 
grow at the expense of its neighbour of higher vapour 
pressure. 

4. Effect of Grain-Size on Vapour Pressure.—This idea 
has already been elaborated in the case of the metals 
containi sodium, where there was evidence of a 
difference in composition producing a difference of 
vapour pressure among the crystals. It applies with 
equal force to the case of growth produ by grain- 
size contrast. The vapour pressure of a small crystal 
is greater than that of @ large crystal. This has nm 

roved both thermo-dynamically and cmpenennsany 
by Pabloff. There is a close analogy in the well- 
known fact that small crystals have a higher solution 
pressure than large crystals. In this connection we 
may quote the experiments of Rosenhain and Ewen 








the increased strain due to spiralling should i 
the number of centres from which growth takes place 
and so make the crystals more numerous but shorter, 
contrary to what is found. On our theory the increased 
strain increases the number of absorbable crystals, the 
number of centres (being determined by constitution) 
remaining unaltered, with consequent increase in the rate 
of — and final length of the crystals. 

e agree with Evans suggestion that it is more likely 
that a properly oriented (unstrained) grain would force 
the disorganised atoms of a strained grain to conform to 
its orientation, than that a deformed and badly-oriented 
grain should be able to force the atoms of a more stable 
grain to adopt their orientation. Moreover, Carpenter 
and Elam do find that in order that a grain should be 
absorbed it must be strained to some extent. The un- 
strained grains at the shoulders of their test-pieces were, 
as a rule, not absorbed, or only with difficulty. There 
seems no reason why, if as they suppose it is energy stored 
in a strained grain that gives it the power of p rareves 
its neighbours, slightly strained grains should be more 
easily absorbed than unstrained grains. In fact, on their 
view, an unstrained grain should be more easily absorbed 
than a strained one. They are therefore forced to 
distinguish between a degree of strain which renders a 
grain easily absorbed, and another degree of strain which 
makes this grain capable of absorbing others. There 
seems to be no obvious physical basis for such a supposi- 
tion. 

For these reasons we shall, in what follows, adopt the 
view of Evans, that it is the less strained grain which 
absorbs.its more highly strained neighbour. 

3. Grain Size Contrast.—The second question is whether 
large grains normally absorb small ones, and if not, 
in what circumstances this may not be true. Jeffries 
considers that large grains absorb small ones as a rule, 
but believes that a definite ‘‘ grain size equilibrium ” 
exists for each temperature and d of strain. Howe 
does not agree that this idea of equilibrium has been 
sufficiently proved, and maintains that true equilibrium 
should only be attained when the metal consists of a 
single crystal, or when an absolute identity of grain size 
exists. The majority of observers have agreed that large 
crystals do, as a rule, absorb small ones. At the same 
time, many cases have been observed in which a small 
grain exists enclosed by, or in contact with, a large 
grain, in apparent equilibrium. Carpenter and Elam 
point out that any satisfactory theory of crystal growth 
must take account of this. 

From our experiments it appears that small grains may 
exist indefinitely in contact with large ones if: (1) They 
are surrounded by an envelope of insoluble impurity, or 
(2) If the vapour pressure of the small grain is lowered by 
the presence of a soluble impurity. The first case occurs 
——- in commercial metals, and in tungsten of 
moderate purity. Jeffries has published an excellent 
phot ph of a small grain of tungsten enclosed in a large 
one illustrating this case. 

The metals containing sodium, described in this paper, 
show both types. The fine-grained portions in eat K 
exist indefinitely in contact with each other and with the 
long crystals, owing to the resistance to growth of the 
thora. The long crystals, as already mentioned, also 
show a very large number of enclosed grains of moderate 
size. This is very seldom, if ever, observed in pure 
tungsten. All these conditions are illustrated in Figs. 
7 to 10. These crystals probably contain dissolved 

bronze "’ and were themselves growing when they were 
surrounded by the advance of the larger crystal, the 
tendency of the large crystal to absorb the small one bei 
counterbalanced by the lower vapour pressure of the sm 
crystal. 

The onl 


observed c f 1 
ahsabing ases of small crystals actually 


ones occur in strained metal, and are 





on v etching. They found that fine-grained 
silver lost more weight than coarse-grained metal on 
heating under identical conditions in vacuo, They 
attributed a part of the difference to the | r amount 
of volatile amorphous material in the fine-grained metal, 
but calculation showed that this could not account 
for more than a small proportion of the difference. In 
a metal, therefore, which consists of fine and coarse 
grains in contact, we may expect that when the tempera- 
ture is raised the small grains will be deposited by a 
rocess of distillation on to the surface of their neighbours. 
t has been shown by Rosenhain, Jeffries and others that 
at low temperatures the amorphous material is very 
rigid. This would prevent any appreciable movement 
of molecules, or crystal growth at ordinary temperatures. 
As the temperature is raised the amorphous material 
rapidly softens, and at the temperature at which crystal 
growth occurs it is in a condition to allow of the rapid 
transference of molecules. It is not ry to 
that the molecules from one crystal pass right through 
the amorphous material on to the opposite crystal. It 
is more probable that the molecules which are deposited 
come from the amorphous material itself, which is con- 
tinuously replenished by volatilisation from the crystals. 
We should therefore expect, on the vapour pressure 
hypothesis, that large grains would absorb small ones 
on annealing. When the difference in size becomes 
small, growth will be so slow that apparent equilibrium 
is attained. The difference in vapour pressure of two 
small crystals whose diameters are in a given ratio can 
be shown to be greater than is the case for two large 
crystals whose diameters are in the same ratio. On this 
account preets becomes much slower at a given tempera- 
ture as the grain size increases. 

5. Effect of Temperature on Vapour Pressure.—The fact 
that after apparent equilibrium has been established 
at one temperature, growth proceeds again on raising 
the temperature, requires some explanation. If the 
vapour pressure of a pure substance is compared with 
that of the same substance containing a small quantity 
of soluble impurity, it is found in all known cases that 
the difference in vapour pressure increases as the tempera- 
ture increases. f now we suppose that a certain 
difference in vapour pressure between two crystals is 
necessary to overcome resistance to grain growth, 
equilibrium will be reached when grain size contrast has 
been reduced to a value corresponding to this difference 
in pressure. At a given temperature, therefore, grain 

wth will cease when a certain grain size is attained. 

n raising the temperature of the metal the difference in 
vapour pressure tween crystals will be increased 
and grain growth will pr again until the pressure 
difference is reduced, and a new equilibrium grain size 
is reached. It is thus clear that for each increase in 
temperature, a corresponding increase in grain size will 
take place before apparent equilibrium is attained. In 
commercial metals apparent equilibrium will be attained 
with a large grain size contrast existing, owing to the 
high resistance of the insoluble impurities. The hypo- 
thesis appears to give a satisfactory explanation of the 
observed phenomena of grain growth in relation to 
grain-size contrast. 

6. Effect of Strain on Vapour Pressure.—We now come 
to the case in which grain growth takes place after a 
certain strain insufficient to cause recrystallisation, as in 
the experiments of Carpenter and Elam on the produc- 
tion of single crystals in aluminium. One of the difficul- 
ties encounte in previous theories is the explanation 
of how the energy which produces — on annealing 
is stored in the strained metal. It does not appear 

ossible that it can be stored in the amorphous material, 

or, as Carpenter and Elam have poin out, softening 
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can be completed without destroying the power of growth 
at higher temperatures. 

By analogy with the grain growth which occurs when 
grain-size contrast, or varying composition, exists, it 
seems likely that the force which produces growth on 
annealing after strain must be of the same kind. Have 
we any basis for assuming that a strained crystal has a 
higher vapour pressure than an unstrained crystal ? 
We have already stated the arguments on which we 
base the view that it is the unstrained crystals which 
grow at the expense of the strained. We have at present 
no evidence as to the arrangement of the molecules 
within a strained crystal. Until such evidence is forth- 
coming, we cannot do more than su t what may be 
expected to occur. When a m is strained the 
external form of the crystals is ch d by a transf 
of blocks of crystal material alo planes of slip. Amor- 
phous material is generated at t planes, and at the 
grain boundaries. It seems probable to suppose, further, 
since the crystals of a meted are elastic, that the mole. 
cules of the crystal are also slightly distorted from their 
space lattice. If this distortion exceeds a certain 
amount—in other words, if the stress is greater than the 
elastic limit—blocks of crystal material will move bodily, 
either by twinning or more usually along slip planes. 
In general, however, after a given small strain a number 
of crystals will probably have their molecules slightly 
disarranged. Some interesting photographs of twisted 
single crystals, by Jeffries, do show a gradual change in 
orientation, along the crystal, showing that the strain 
is not entirely taken up by slip along gliding planes, 
which would preserve the odiatual erientation completely. 

The formation naturally taken up by the molecules 
in a crystal is one which satisfies to the maximum degree 
their mutual attraction. Any distortion from this natural 
crystal lattice will lessen the forces acting on the mole. 
cules tending to hold them in place, The vapour pressure 
of a crystal depends on the forces acting between the 
molecules tending to retain them in position, and the 
amplitude of vibration which tends to separate them. 
When the vibration is great it may be sufficient to over- 
come the mutual attraction, and a molecule leaves the 
surface. As the temperature of a crystal is raised this 
condition becomes more frequent, and the number of 
molecules leaving a unit area of surface in a given time 
increases. 

If this is a true picture of what is taking place at the 
surface of each crystal, and accounts for increasing vapour 
ee with rise of temperature, the same effect should 

produced by altering the forces holding the molecules 
together. If their normal and most stable spacing is 
distorted by straining the crystal, as we suppose, the 
forces holding them together will be reduced, and for the 
same temperature the vapour pressure of that crystal 
will be higher. Whether this is actually the case will, 
we hope, be determined either by X-ray analysis or by 
direct vapour-pressure determinations. If, in the mean- 
time, this is accepted as a working hypothesis, it becomes 
possible to account for some of the facts of crystal 
growth. 

1. Effect of Slight Strain.—If a metal is strained to a 
small amount, slip bands and twins which are formed 
ap ped on anneali and no growth takes place. 
In this case it appears that the distortion of the crystals 
does not lessen the attraction between the molecules 
sufficiently to produce the necessary difference in vapour 
pressure for appreciable growth. 

8. Effect of Critical Strain.—A further strain distorts 








a few crystals the required amount. Their vapour 
pressure is raised and their molecules are deposited on a 
neighbouring unstrained grain. The grain thus formed 


has a reduced vapour seer owing to its size, and 
absorbs its smaller neighbours. The smaller the strain, 
provided it is above the minimum required, the fewer 
crystals and the larger their ultimate size. A greater 
strain produces a greater number of unstable grains, and 
hence more, and smaller, final grains. D of strain 
falling within this range have been refi to as critical 
strain jd previous workers. Carpenter and Elam have 
shown that the greater the strain the lower the tempera- 
ture required to produce grain growth. This would 
naturally follow since the factors which increase the 
vapour pressure of a crystal are: (1) Higher temperature, 
(2) lesser mutual attraction. 

ff the mutual attraction is lessened by great dis- 
tortion, then it is unn to raise the temperature 6o 
high as would be y if the mutual attraction were 
but slightly impaired. 

9. Effect of Severe Strain.—Turning now to the case 
of recrystallisation which occurs on ing a metal 
strained to a greater ey than in the cases we have 
just been considering. n the hypothesis that it is the 
strained grains which grow, it is difficult to see why too 
great a strain should cause an entire recrystallisation, 
rather than that some of the severely strained grains 
should grow. To support this we should have to postu- 
late yet a third degree of strain which again prevented 
growth. If, on the other hand, we are right in ass 
that it is the unstrained grain which grows, we sh 
not expect growth to occur in a severely deformed metal 
in which no unstrained grains r ined. The degree of 
strain will tend to be a maximum in all the . 
any degree of strain above this will have been relieved 








by slip. If differences in strain occur they will be 
small and unlikely to produce much wth. It was 
noted by Mathewson and Phillips, has since been 


clearly shown by Carpenter and Elam, that the new 
crystals are born in the grain boundaries, or in the 
twinning planes. During the deformation, when the 
crystal surfaces were being rubbed against one another, 
it is probable that small crystalline fragments are 
detached and become embedded in the amorphous 
material, being thus protected from further distortion. 
This view was = forward by Beilby. 

These small fragments,  & probably unstrained, 
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will, on annealing, grow at the expense of the amorphous 
material surrounding them in the first instance, and 
subsequently at the expense of the strained mass of the 
metal, We should thus expect that in a metal in which 
no unstrained grains remain growth would take place 
around any ped fr ents which had escaped deforma- 
tion, and these would chiefly exist in the amorphous 
material at the grain boundaries. In certain cases 
we might also expect another factor to come into opera- 
tion which would assist this process, though to what 
extent it is universally true is doubtful. It has been 
shown that in the case of tungsten the impurities tend to 
segregate at the boundaries.. This is also true of 
eutectics, and other solid solutions, in many of the 
common metals, Carpenter and Elam, in accounting 
for their etching effects, suggest that ‘‘ the first crystals 
to separate will be purer.’’ It seems more probable 
however, that as these new crystals are formed in the 
old grain boundaries, where in many cases the impurities 
are most concentrated, they will tend to absorb these 
impurities during their growth. If this should happen 
their vapour pressure would be lowered and a still greater 
contrast with the strained grains of high vapour pressure 
would be obtained, thus favouring more rapid growth. 
The inclusion of thoria within a single crystal of tungsten 
during the stages of rapid growth has been demonstrated, 
although it does eventually migrate to the grain 
boundaries. 

10. Effect of Temperature Gradients.—There is another 
well-known type of exaggerated grain growth that falls 
in with the hypothesis. Jeffries has shown that exag- 
gerated growth may take place when a tungsten slug 1s 
heated by the passage of an electric current. With a 
suitable current a temperature gradient from the centre 
to the outside of the metal is obtained, which produces 
a ring of coarse grains, the grains on either side remaining 
fine. On continued heating the coarse grains finally 
absorb all the fine grains in the centre, the colder 
surface of the slug remaining fine grained. Jeffries 
explains this on the hypothesis of a ‘ germinative 
temperature,” grains below this temperature being 
unable to grow. Grains at the germinative temperature 
are able to absorb colder grains in contact with them, 
and this is followed by the absorption of the central 
grains. 

This idea is not convincing. It offers no clear con- 
ception of the forces which bring about crystal growth, 
or of the actual mechanism of growth, and it involves 
the assumption that a grain, which is too cold to grow, 
may be absorbed by a hotter, and therefore less stable 
grain, of similar size. 

The explanation we would put forward follows 
naturally from the vapour pressure hypothesis. Near the 
surface of the ingot the vapour pressure of the grains is 
too low to overcome the resistance to growth. Nearer 
the centre there will be a point at which the difference 
in vapour pressure between two grains will be sufficient 
to overcome the resistance, which will be reduced by the 
higher temperature. The colder grain will then absorb 
the hotter grain of higher vapour pressure, this being the 
reverse of what Jeffries has supposed to take place. 
The large grains thus formed will then absorb the central 
ones, where exaggerated growth has not taken place on 
account of the more uniform temperature. On this 
hypothesis Jeffries’ ‘‘ germinative temperature” is the 
temperature at which the difference in vapour pressure 
between two grains is sufficient to overcome resistance 
to growth. 

In general, therefore, the germinative temperature of 
any particular metal will depend on the distribution of 
impurities, the temperature, and the degree of strain, 
which may all affect the differences in vapour pressure 
existing between the crystals. 





Zinc PRopUCTION IN THE UNITED Strates.—Plans have 
been formulated by the United States Bureau of Mines 
for a complete survey of the milling problems of the tri- 
State district of Missouri, Oklahoma, and Kansas, with 
the object of improving the recovery of zinc in the mills. 
Other problems that may be considered are the recovery 
of zinc from tailings, determining the amount of 
sphalerite made excessively fine by the blasting, and 
removing lead from the ‘flotation zinc.”” This work is 
being conducted in co-operation with the Missouri School 
of Mines and Metallurgy. At a conference held in St. 
Louis, between representatives of the Bureau of Mines 
and operators of the Mississippi Valley lead and zinc fields, 
for the purpose of formulating a detailed programme for 
the Mississippi Valley experiment station, it was brought 
to the attention of the bureau that zinc was being 
encountered in increasing amounts in the fluorspar ores 
of southern Illinois and Kentucky. The ordinary treat- 
ment by jig and table concentration results in a con- 
siderable loss of fluorspar, and zinc cannot be removed 
by this method, because the «inc and the fluorspar differ 
so little in specific gravity. Experiments at the station 
resulted in developing two improved methods. One 
employing electrostatic separution, takes out the lead, 
gives a marketable zinc concentrate and also a spar 
product of practically any grede desired—99 per cent. 
calcium fiuoride having been made in the tests. This 
fact makes possible the production of acid spar (98 per 
cent. CaF2) from the gravel spar (85 per cent, CaF») 
now produced. Acid :par commands a much higher 
price than gravel spar. The second method employs 
flotation. Tests give a higher recovery of zinc than was 
obtained by electrostatic separation, but the spar 
gp is lower grade and finer grinding is necessary. 

he method, however, is a great improvement over 
earlier methods, and as compared to electrostatic treat- 
ment is preferable in stormy weather. A 1 company, 
whose representatives assisted in the tests, has adopted 
it for treating this type of ore. 
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DROUGHTS AND FLOODS. 


Sir Naprer Sxaw, F.R.S., dealt with the very imper- 
fectly understood meteorological features of the pheno- 
mena of “‘Droughts and Floods” in the two lectures 
which he delivered before the Royal Institution on 
Thursdays, February 2 and 9. He confined himself 
to the dependence of droughts and floods, both of which 
are extremely uncommon in this country, upon rainfall. 
Meteorologists best defined, he said, droughts (or floods) 
as a deficiency (an excess) of rainfall sufficient to cause 
serious economic consequences, though numerical values 
were sometimes attached to the definition. Areas 
bordering upon arid lands, in which the average annual 
rainfall was about 10 in., were most liable to droughts. 
Good wheat crops required about 20 in.: the average 
for England was 40 in., which fell on the western border 
of the country, whilst London received about 23 in. 
of rain. In 1921 the deficiency amounted to 13-7 in. 
in the South-East of England, to 10°3 in. all over 
England, and to 6°37 in. in Ireland, whilst Scotland, 
also dry in that summer, finally wound up with an excess 
of 2°95 in. 

As regards the connection with other meteorological 
data, the distribution of the atmospheric pressure afforded 
the best guidance. In July last, and more or less through- 
out the summer, there were three high pressure areas in 
the Atlantic, west of Spain, about the North Pole and in 
the northern Pacific ; and these “‘ highs ” were inter-con- 
nected in Europe by a cantilever or corridor along both 
sides of Scandinavia, in which the circulation was north- 
ward in the West and southward in the East. That 
corridor proceeded further on either along the south of 
England, and the Channel] or to the north or south of 
that path, and these changes were more difficult to 
account for than the persistency of the drought. Both 
the highs sent out tongues of high pressure, and in those 
corridors there was no rain. Wherever rain fell, the air 
was ascending. But it rose only to a height of about 
6 miles, and we did not understand how it descended 
again. On the surface the wind passed, not from high 
pressure to low pressure across the isobars, but rather 
along the isobars in such a way that the “low ’’ was on 
the left. If we could Lah a kinematograph series 
of weather charts, we could follow the changes of the 
weather. 

Floods, Sir Napier stated in the second lecture, 
depended, of course, as much upon surface drainage as 
upon the actual rainfall. Thus floods were unknown in 
Cherraponjee, in the Khasi hills of Assam, in spite of their 
30 ft. of rain per year. The two recent English rain 
floods of Norwich and of Louth (Lincolnshire) were 
typical. At Norwich 8 in. of rain fell in less than 24 
hours on August 25, 1912; there was an area of very low 
pressure east of Norwich which by the next day had 
moved out into the North Sea. At Louth nearly 5 in. 
fell in 3 hours on May 29, 1920: there was no cyclonic 
depression in the neighbourhood, but a thunderstorm 
and violent upward air currents accompanied the 
disastrous flood. The air could only carry a certain 
amount of water vapour, equivalent to 2°87 in. in the 
tropics, and to 1°38 in. in England. When the air was 
forced up in some way, the water condensed, and when 
the convection currents were strong, the water drops 
might sink and be lifted again several times, finally to 
come down in big drops or as heavy hail stones. At 
Norwich the convection was tubular, the air rushing in 
more or less radially from all sides on the Earth’s surface 
and lifting the actual local column of air like a piston. 
At Louth the convection was penetrative, the air rising 
by its own movement at rates of up to 66 ft. per second. 
That latter case was common in the tropics, but very 
rare here. It was difficult to understand how the core 
of the air column was removed, though we could imagine 
how the convergent flow from underneath would fill up 
the emptied core of a cyclonic low. 

How a cyclonic disturbance with tangential inward 
flow could be set up Sir Napier Shaw demonstrated finally 
with the aid of a model consisting of a horizontal cylin- 
drical box, a few inches in height, the periphery of which 
was formed of 4 series of vanes set in water-wheel 
fashion. The vertical axis of the cylinder was formed 
by a short glass tube through which a current of air was 
blown upward ; the smoky air inside the box was then 
thrown into vortex motion. That model was based 
upon Lord Rayleigh’s dynamics of revolving fluids, and 
in our atmosphere the spin was set up by the rotation 
of the Earth. But we knew too- little about the 
circulation in the upper atmosphere and the way 
in which the air descended again after rising to explain 
the phenomena, 








DaNIsH SHIPBUILDING CoOMPANIEs.—Burmeister and 
Wain’s Shipbuilding Company has had a satisfactory 
year during 1921, the surplus, including balance carried 
forward from the previous year, amounting to 7,528,046 
kronen. The dividend has again been fixed at 12 per 
cent., as was the case for the preceding year, when the 
surplus was about 10,000,000 kronen. A sum of 
1,000,000 kronen has been added to the reserve fund, 
which now amounts to about 10,000,000 kronen; 
440,000 kronen has been carried forward, 250,000 kronen 
added to the workmen’s fund of the company’s pension 
scheme, 2,000,000 kronen set aside for reconstruction of 
slips, &c., and 1,500,000 kronen reserved to meet taxa- 
tion. The Elsinore Iron Shipbuilding Company is about 
to extend its plant and buildings considerably. It can 
at present build vessels up to 400 ft. length and has so 
far delivered a total of 162 vessels, 109 for home service 
and 53 for foreign clients. The vessels include 6 ferry 
steamers and 22 ice-breakers, as well as a number of 
salvage steamers, and other special craft. The yard is 
satisfactorily employed at present. 
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CATALOGUES. 


Portable Drilling Machine.—A special catalo 
hand from Messrs. William Asquith, Limited, Halifax, 
describes a portable drilling machine. This machine, 
which was fully described on page 304 of Vol. cx, enables 
holes to be drilled with the drill horizontal or vertical, 
or at any other angle, and with the drill working down- 
wards or upwards. In constructional work, boiler- 
making and the erection of heavy machinery, this 
machine will do much work often done by hand, and 
its use often avoids the necessity for moving heavy pieces 
to a fixed drilling machine. The base is mounted on four 
wheels, and four screw jacks are provided to enable the 
machine to be levelled up on a wider base than that 
formed by the wheels. 

Turbo-Compressors and Exhausters.—A series of turbo- 
compressors, exhausters and blowers, mainly for large 
volumes, and suitable for supplying air motors, blowi 
furnaces, gas boosting, grain elevating, &c., are descri 
and illustrated in a special catalogue to hand from Messrs. 
Reavell and Co., Limited, Ipswich. By improved design 
of the diffuser blades fixed in the stator these machines 
have been made especially suitable for use where heavy 
fluctuations have to be provided for. Steam turbine 
drive is recommended where possible, but electric driving 
has been adopted in many cases, the motor and machine 
being fixed on the same baseplate. The illustrations in 
the catalogue are chiefly of units constructed for special 
purposes and cover a wide range of volumes and pressures. 

Powdered’ Coal.—A description of the plant and a 

good deal of general technical information on the pre- 
pa and firing of powdered coal is given in a cata- 
ogue issued by the Hardinge Company, 120, Broadway, 
New York, who make a special study of the design and 
operation of such plant. It is quite truly stated that 
many experiments in burning this fuel have been aban- 
doned without really exhaustive trial; but at the 
same time the mechanical difficulties are now rather 
overstated. Much of the elaborate conveying system 
would be equally necessary for firing ordinary coal. 
The catalogue gives more than usual attention to the 
advantages of quick and accurate adjustment of feeding 
the fuel—a point on which powdered coal might be made 
to rival oil or gas fuel, or very nearly so. The smaller 
size and cost of the stoking plant might/also be more 
fully considered, but no great saving in total working 
cost of firing has been made out for powdered coal. 
The cost per ton of preparing and firing powdered coal 
has been given as 1-31 dols. (see ENGINEERING, vol. cxii, 
page 204), including capital costs. This would have to 
be compared with the cost of unloading, conveying and 
machine stoking ordinary coal. The catalogue is cer- 
tainly a valuable contribution to the available infor- 
mation on the subject. 
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Tue LAarGest Motor Liresoat.—The Royal National 
Lifeboat Institution has completed the plans of the 
largest motor lifeboat in the world. Her length is to be 
60 ft., with a 15-ft. beam, a draught of 4 ft. 6 in., and a 
displacement of about 40 tons. She will be fitted with 
twin screws, driven by two 75-h.p. motors specially 
designed by the Institution.” In addition, she will have 
an auxiliary rig of one mast, carrying a small triangular 
forelug and jib. She will have a speed of about 9 knots 
to 10 knots and a radius of action of 100 miles. The 
new craft will be practically unsinkable. Each motor 
will be in a separate watertight compartment. There 
are to be two cabins, one forward and one aft, to hold 50 
passengers, while the total number able to be taken on 
board will be over 150. The first boat of the type will 
be built for New Brighton, on the Mersey, to take the 
place of the present steam lifeboat, the Queen, and is now 














under construction, 


Tue Brune-Horst Peat Press.—In the peat-pressing 
process of the engineers Brune and Horst, which is being 
tried in an experimental plant at Uerdingen, Rhenish, 
Prussia, the wet peat is mixed with about half its amount 
of dried peat and then submitted to a strong pressure 


in presses of a peculiar construction. The wet peat is 
received in a pit. From the pit it is taken by a belt 
conveyor to the disintegrator, which tears the fibre 
without compressing it, and is then delivered in a thin 
layer on another belt conveyor which had previously 
been covered with the dried peat. The wet and dry peat 
are mixed in a drum, and the mixture is charged by the 
aid of a bucket chain and another belt conveyor, into 
the presses. These consist of three flat rings (tables), 
12 m. and 3-5 m. external and internal diameters, each 
ring bearing 48 radially-arranged pressure boxes. In 
each box two plungers are so geared that, as the table 
turns about its vertical axis (the tables run on circular 
rails) once in 6 minutes, each pressure box, which is 
square in section, is once charged and emptied. The 
charging is effected from above on the inner side of the 
table. As the table turns the plungers move first out- 
ward closing the charging ports and pushing the peat 
before them, and then approach one another and force 
the water out through the perforations of the wall of 
the boxes, until a cae of peat containing about 50 per 
cent. or 60 per cent. of water is delivered upon a belt 
conveyor passing underneath the tables. Part of this 
peat is fired directly or coked, or disintegrated and 
compressed again if still too wet. Another part of the 
peat coming from the presses is once more disintegrated 
and taken through a tubular drying chamber in which 
the water percentage is lowered to 30 by the waste heat 
of the engine ; this peat, having been ground, forms the 
dry peat powder which is mixed with the original wet 
peat. The process is also applied to coal mud and coke 
dust. The pressure in the boxes is raised to 30 atmo- 
spheres, 





